RL-TR-95-119 
Final  Technical  Report 
July  1995 


INNOVATIVE  APPROACH  TO  FUSION 
TESTBED  TO  INTEGRATE  MULTIPLE 
SENSOR  DATA 


CSC  Professional  Services  Group 

Gerald  A.  Bright,  Robert  S.  Mandry,  and  Mark  D.  Barnell 


F 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED. 


19951012  100 


Rome  Laboratory 
Air  Force  Materiel  Command 
Griffiss  Air  Force  Base,  New  York 


This  report  has  been  reviewed  by  the  Rome  Laboratory  Public  Affairs  Office 
(PA)  and  is  releasable  to  the  National  Technical  Information  Service  (NTIS).  At 
NTIS  it  will  be  releasable  to  the  general  public,  including  foreign  nations. 

RL-TR-95-119  h^s  been  reviewed  and  is  approved  for  publication. 


APPROVED: 


RICHARD  R.  GASSNER 
Project  Engineer 


FOR  THE  COMMANDER; 


DONALD  W.  HANSON 

Director  of  Surveillance  &  Photonics 


If  your  address  has  changed  or  if  you  wish  to  be  removed  from  the  Rome  Laboratory 
mailing  list,  or  if  the  addressee  is  no  longer  employed  by  your  organization, 
please  notify  RL  (  OCSM  )  Griffiss  AFB  NY  13441.  This  will  assist  us  in  maintaining 
a  current  mailing  list. 

Do  not  return  copies  of  this  report  unless  contractual  obligations  or  notices  on  a 
specific  document  require  that  it  be  returned. 


REPORT  DOCUMENTATION  PAGE 


orm  Approved 
OMB  No.  0704-0188 


PutafcrflpartrgbiJdvifarttiiioalKbanaf  HorrniitaniiMttTHndtoMragii  hcu  rv^aonaa.  ixiudrig  ttnt  tar  raviMwing  ratrucb^  ■warc^i  ^  mmOnq  dat»  soLrtaa. 
gah»ingarTdrTMrtir»TqthaditBnaKjKt  MTdeornpirtnqmdfiwiawingthaoolactionof  itforr^  Sand  corrrnBUfigt^tfiiitaLfdyiaa&Tiaaor  «iy  a0-ar  aapact  of  tlv 
a^aOigri  rf  Wotrrattarx  Ixlatiq  *  gga^fri  atar  radLJCingt^iitaudarx  to  Waah^Tgori  Haadqutaw  Sarvioaa,  O^aaoraa  tar  rtoffnatan  Oparabona  ardRapgts.  i2iSJaffarson 
Davit  Hi^iaa^.  Suica  1 204.  Arln0nr\  VA  22202-430^  and  to  tfw  Offba  of  Managarrwt  aid  Budgat.  P^aarwcaric  fladuotican  Pro^  (07044>1 98) .  Wadnhnymr  v  DC  20S0a 


1 .  AGENCY  USE  ONLY  (Leave  Blanks 


Z  REPORT  DATE 
July  1995 


a  REPORT  TYPE  AND  DATES  COVERED 
Final  Jun  94  -  Feb  95 


4.TITIEANDSUBTni£ 

INNOVATIVE  APPROACH  TO  FUSION  TESTBED  TO  INTEGRATE 

MULTIPLE  SENSOR  DATA 

&  FUNDING  NUMBERS 

C  -  F30602-94-C-0176 

PE  -  62702F 

PTf  -  4snfi 

&  AUTHOR(S) 

Gerald  D.  Bright,  Robert  S.  Mandry,  and  Mark  D.  Bamell 

irlv.  *+Juo 

TA  -  17 

WU  -  P8 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AODRESS(ES) 

a  PERFORMING  ORGANIZATION 

CSC  Professional  Services  Group 

1360  Fairview  Park  Drive 

REPORT  NUMBER 

Falls  Church  VA  22042 

N/A 

9.  SPONSORING/MONfTORING  AGENCY  NAME(S)  AND  A0DRESS(ES) 

10.  SPONSORING/MONfTORING 

Rome  Laboratory  (OCSM) 

26  Electronic  Pky 

AGENCY  REPORT  NUMBER 

Grlffiss  AFB  NY  13441-4514 

RL^TR"95-119 

1 1 .  SUPPLEMENTARY  NOTES 

Rome  Laboratory  Project  Engineer:  Richard  R.  Gassner/OCSM/ (315)  330-3574 

1 2a  DISTRIBUnON/AVAILABIUTY  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 

12b.  DISTRIBUTION  CODE 

ia  ABSTRACT (M«iTun 200 woreii) 

Rome  Laboratory  (RL)  OCSM  directorate  is  actively  developing  a  Multisensor  Data  Fusion 
Tracking  Testbed  capability  for  evaluating,  testing,  and  developing  fusion 
algorithms.  This  report  describes  the  work  performed  by  CSC  Professional  Services 
Group  to  improve  this  testbed  by  extending  the  innovative  work  started  earlier 
in  support  of  the  testbed  by  adding  the  variable  configuration  capability  to  the 
algorithms  and  data  sources.  The  results  of  this  work  have  included  the  following: 

(1)  review,  analysis,  and  update  of  existing  multisensor  fusion  algorithms  for 
improved  performance;  (2)  upgrade  of  the  sensor  fusion  functions  for  testing 
performance  in  the  testbed,  including  the  real-time  display;  and  (3)  development 
of  a  GUI  driven  algorithm  post-test  analysis  tool. 


14.  SUBJECT  TERMS 

Multisensor  multitarget  data  fusion,  Tracking,  Surveillance 


1&  NUMSEd  OF  PAGES 

178 _ 

ia  pnicE  CODE 


1 7.  sEcuRnnr  classfication  ia  securry  classification  ia  security  classification  20.  umitation  of  abstract 
ummiED  im^ED  ul 


NSN  7540Ct -280-5600 


Standard  Form  298  'Pgv  .  ^ 
PrwcrtD«d  by  ANSI  $ta  ^39-' 8 
290-102 


TABLE  OF  CONTENTS 


1.0  Introduction 


2.0  Algorithm  and  Testbed  Work 

2. 1  Algorithm  Review 

2.1.1  Nearest  Neighbor  Association  &  Alpha-Beta  Tracker 

2. 1 .2  Multisensor  Detection  to  Multitrack  Fusion  Algorithm 

2.1.3  S-Dimensional  Sliding  Window  Assignment 
with  Kalman  Filter  Tracker  Algorithm 

2.2  Capabilities  added  to  the  Rome  Lab  Fusion  Testbed 

2.2. 1  Sensor  Model  Modifications 

2.2.2  Post  Analysis 

2.3  Modifications  made  to  the  MATSurv  Algorithm 

2.3.1  Spatial  Gate  Upgrade 

2.3.2  Addition  of  a  Drop  Tracks  Function 

2.3.3  Minor  Correction  to  Track  Covariance  Usage 

2.3.4  Verification  of  Correct  Algorithm  Installation 


3.0  Testbed  &  Tracker  Operation 

3 . 1  Testbed  Configuration  Files  -  Block  Diagrams  -  Flow  Charts 

3.2  Testbed  and  Algorithm  Parameter  Inputs 

3.3  Operational  Results 

3.4  Performance  Analysis 

4.0  Future  Efforts 

Appendix  A  Fusion  Post  Process  Analysis  and  Graphics  Program 


Accesion  For 


NTIS  CRA&I 
OTIC  TAB 
Unannounced 
Justification 


□ 

□ 


By 

Distribution  / 

Availability  Codes 

Dist 

A-l 

Avail  and/or 

Spe 

ciai 

i 


1 .0  Introduction: 


Rome  Laboratory  is  developing  several  abstract  methods  of  combining  surveillance 
sensor  data  into  tracks.  These  combination  methods  are  known  as  Fusion  Algorithms.  To 
test  these  algorithms,  Rome  Laboratory’s  OCSM  branch  is  actively  developing  a  Sensor 
Data  Fusion  Tracking  Testbed  (SDFTB).  This  testbed  provides  a  configurable  framework 
for  exercising,  and  comparing  the  performance  of  fusion  algorithms.  Having  worked  with 
configurable  testbeds  in  the  past,  CSC  personnel  developed  an  innovative  approach  to 
implementing  a  variable  configuration  multisensor  test  capability  in  a  cost  effective 
manner.  CSC  presented  this  approach  to  Rome  Lab,  and  in  a  previous  contract  applied 
this  approach  to  the  development  of  their  Sensor  Data  Fusion  Tracking  Testbed.  The 
objective  of  this  contract  is  to  extend  the  innovative  work  started  earlier  in  support  of  the 
development  of  the  testbed  by  adding  the  variable  configuration  capability  to  the 
algorithms  and  data  sources.  Specifically,  the  objective  of  this  contract  is  to: 

(1)  Review  and  analyze  existing  multisensor  fusion  algorithms  to  identify  their 
integration  requirements, 

(2)  Develop  the  sensor  fiision  integration  functions  identified  in  1, 

(3)  Analyze  the  existing  SDFTB  to  identify  deficiencies,  and 

(4)  Provide  real-time  display  and  post  test  algorithm  performance  analysis  by 
enhancing  the  capabilities  of  the  SDFTB. 

This  report  summarizes  the  work  performed  by  CSC  Professional  Services  Group 
from  October  1, 1994  to  March  17,  1995  to  fulfill  those  objectives.  In  pursuit  of  those 
objectives  CSC  personnel  have  additionally  contributed  to  or  solely  developed: 

(1)  The  Multisensor-Multitarget  Data  Fusion  using  an  S-Dimensional  Sliding 
Window  Assignment  Algorithm,  (S-D)  [2] 

(2)  an  upgraded  and  validated  Multisensor  Air  Traffic  Surveillance  (MATSurv) 
2-dimensional  fusion  algorithm,  [1] 

(3)  an  improved  testbed  sensor  interface, 

(4)  a  set  of  post  analysis  data  interface  functions  communicating  with, 

(5)  a  GUI  driven  algorithm  performance  post  analysis  tool,  and 

(6)  testbed  operational  instructions,  configuration  documentation  and 
functional  flow  diagrams. 

The  description  of  the  work  performed  on  each  of  these  efforts  along  with  the 
supporting  documentation  will  be  included  or  referenced  in  this  final  report.  This  report 
extends  the  documentation  efforts  started  under  the  “Innovative  Approach  to  the 
Development  of  a  Variable  Configuration  Multisensor  Test  Capability  Final  Report”, 
published  under  Contract  F30602-94-C-0058.  [3] 
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2.0  Algorithm  and  Testbed  Work 


Rome  Lab’s  OCSM  branch  has  been  active  in  the  area  of  sensor  data  fusion  since 
the  early  80’s.  Considerable  in-house  work  was  accomplished  in  the  late  1980’s.  The  non¬ 
object  oriented,  evolutionary  development  of  testbed  software  during  this  period  resulted 
in  the  lack  of  overall  extendibility.  As  a  result  only  one  track  fusion  algorithm 
methodology.  Multiple  Hypothesis  Tracking  (MHT)  was  implemented. 

This  contract  extends  the  capability  of  the  newly  developed  SDFTB  which  is  an 
object-oriented  approach  to  the  design  and  implementation  of  a  Fusion  Testbed.  This 
testbed  provides  a  variable  configuration  capability  to  the  test  engineers  at  Rome  Lab. 


2.1  Algorithm  Review 

As  part  of  this  contract  CSC  was  to  review  and  analyze  existing  multisensor  fusion 
algorithms  developed  by  the  government  to  include  those  under  development.  Three 
algorithms  fell  under  this  preview.  The  first  is  the  Nearest  Neighbor  Association  / 
Alpha/Beta  Tracker  algorithm.  To  the  testbed  operator  this  tracker  is  known  as  the  Type  0 
tracker.  The  second  is  the  Multisensor  Air  Traffic  Surveillance,  (MATSurv)  tracking 
algorithm  known  as  the  Type  1  tracker.  The  third  is  the  “  Multisensor-Multitarget  Data 
Fusion  using  an  S-Dimensional  Sliding  Window  Assignment  algorithm”',  (S-D)  not  yet 
installed  in  the  Fusion  Testbed.  We  have  reviewed  each  of  these  algorithms  and  have 
identified  their  Fusion  Testbed  interface  requirements. 

2.1.1  The  Type  0  tracker,  (Nearest  Neighbor/AlphaBeta)  tracker  requires 
coordinate  system  interface  upgrades  to  utilize  the  new  coordinate  system  we  developed 
and  installed  in  the  testbed.  The  new  coordinate  system  transformations  support 
standardization  of  the  testbed  coordinate  systems  and  provide  the  internal  data 
communication  transformations. 

2.1.2  The  Type  1  tracker,  (  MATSurv),  2-dimensional  multisensor  detection  to 
multitrack  fusion  algorithm/tracker  was  fully  integrated,  analyzed  and  tested  using  the  new 
testbed  coordinate  systems,  and  new  post  analysis  capability.  In  addition  the  interface 
requirement  review  discovered  that  the  type  1  tracker  expected  sensors  reports  to  come  as 
complete  scans.  To  get  the  algorithm  to  operate  properly  the  Fusion  Testbed  required  the 
option  to  force  the  sensors  to  report  the  detection  sets  as  a  complete  scan  so  the  algorithm 
would  not  associate  more  than  one  detection  from  each  scan  to  a  track.  This  upgrade  was 
implemented  by  modifying  the  Data  Interface  Unit  (DIU)  code  to  group  and  store  the 
blocks  of  sensor  reports  until  a  sensor  had  completed  a  physical  scan  and  then  at  that  time 
allow  the  fusion  algorithm  access  to  the  data. 
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2.1.3  The  S-Dimensional  Sliding  window  Assignment  algorithm,  was  still  under 
development  at  the  time  of  this  contract.  During  this  contract  period  we  provided 
interface  definitions  and  interface  functions  to  minimize  the  work  required  to  install  the 
algorithm  in  the  Fusion  Testbed.  The  installation  is  expected  to  require  only  a  minimal 
software  effort  because  the  algorithm  developer  was  kind  enough  to  support  our 
requirements  and  use  the  code.  All  coordinate  systems  match,  and  the  interfaces  are 
identical  to  the  standards  as  defined  in  the  testbed.  An  area  of  concern  with  this  algorithm 
is  it’s  hardware  requirements.  We  have  observed  baseline  tests  of  this  association  and 
tracker  and  have  noted  that  even  under  minimal  threat  conditions  the  algorithm  requires 
more  runtime  storage  space  than  presently  available  on  the  Fusion  Testbed  host  platform. 


2.2  Capabilities  Added  to  the  Rome  Lab  Fusion  Testbed 
2.2. 1  Sensor  Data  Interface  Modifications 

The  Fusion  Test  Bed  has  many  sensor  class  input  options.  One  in  particular,  the 
scanning  sensor  class  input  was  modified  to  group  the  sensor  reports  into  complete  scans. 
To  do  this  the  data  interface  unit  (DIU)  function  code  was  modified  to  utilize  an  input  flag 
that  indicated  if  that  report  was  the  last  of  a  particular  scan.  When  the  report  was  not  the 
last  the  code  was  modified  to  maintain  the  partial  scan  detection  list  and  wait  for  the  scan 
to  complete.  After  the  report  grouping  was  modified  the  algorithm  performance  improved 
but  a  few  target  tracks  were  still  split  into  two  sections.  After  careful  review  of  the  input 
data  set  we  discovered  that  a  few  detections  were  missing.  The  missing  detections  were 
being  ignored  during  data  acquisition.  Further  review  uncovered  a  valid  detection  type 
was  missing  from  the  detection  type  list.  These  detection  types  were  added  to  the  list  and 
all  tracks  are  now  maintained  throughout  their  target’s  flight. 


2.2.2  Post  Analysis 

The  Fusion  Testbed  needed  some  way,  other  than  real-time  plotting  of  the  tracks 
in  Latitude  and  Longitude,  to  evaluate  the  performance  of  the  algorithms.  Under  this 
contract  we  have  provided  that  capability.  To  do  this  we  performed  a  review  of  analysis 
approaches  and  the  associated  sets  required.  From  this  we  developed  the  specifications 
for  a  post  test  algorithm  performance  analysis  tool.  The  specifications  were  then  utilized 
to  develop  post  analysis  data  definitions,  and  using  the  definitions  we  developed  an 
output/storage  function  library.  The  library  is  available  to  an  algorithm  installer.  Using 
the  libraiy  the  installer  can  easily  modify  the  tracker  algorithms  to  save  the  defined  data 
sets  during  installation  of  an  algorithm  into  the  testbed.  Once  added  to  the  algorithm,  the 
output/storage  functions  automatically  provide  the  data  necessary  and  in  the  correct 
format  to  perform  post  test  performance  analysis  (post  analysis)  on  an  algorithm. 
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The  output/storage  functions  document  time,  data  type,  units  and  coordinate 
system  of  each  stored  value  during  the  running  of  the  testbed.  These  values  are  then 
used  as  input  to  the  post  analysis  tool  developed  by  CSC.  This  tool  has  a  menu  driven 
analysis  selection  section  that  generates  the  performance  analysis  data  sets.  The  purpose  of 
this  section  of  the  tool  is  to  map  raw  measurement  and  results  data  into  the  tool  and  to 
reformat  the  data  for  post  analysis.  Thus,  the  menu  driven  section  of  the  tool  allows  the 
user  to  1)  map  the  raw  scan  measurement  data  and  track  data  and  their  units  into  the  tool 
and  then  to  request  analysis/plot  set  generations. 

For  the  raw  measurement  scan  data  performance  set  generation  options  are  to 
generate: 

1.  Scan  list  -  (Scan  Number,  Location,  #  of  Detects  and  Time) 

2.  Target  list  -  ( IFF  and  #  of  Detects) 

3.  All  Scans  measurement  set  -  ( Time,  Lat.,  Long.,  Alt.) 

4.  Single  Scan  measurement  set  -  ( Time,  Lat.,  Long.,  Alt.) 

5.  Target  ID  measurement  set  -  ( Time,  Lat.  Long.,  Alt.)  - . Ideal  Association 

For  the  Track  data  performance  set  generation  the  option  are  to  generate; 

1.  All  Tracks  point  set  -  ( Time,  Lat.,  Long.,  Alt.) 

2.  Single  Track  point  set  -  (Time,.  Lat.,  Long.,  Alt.) 

3.  Track  with  Associated  Detections  set  -  (Time,.  Lat.,  Long.,  Alt.) 

4.  Track  Association  Costs  set  -  (Negative  Log  Likelihood) 

5.  Track  Innovation  set  (  Detection  -  Track) 

6.  Track  Target  ID  set  (  List  of  Target  Id  /  Associated  Detection) 

7.  Track  Covariance  set  ( Covariance  Ellipse  generation  data) 

8.  Target  ID  set  (  all  measurements  of  selected  ID  number) 


Once  a  performance  set  has  been  generated  the  analysts  can  list,  plot,  and  hardcopy  the 
performance  data  using  a  graphical  user  interface  (GUI)  driven  display  and  plot  package. 
The  major  GUI  options  support: 

1 .  Two  and  Three  Dimensional  Plotting, 

2.  Axis  Selection,  Scale,  and  Orientation, 

3.  Data  Point  Labeling, 

4.  Hardcopy  Selection,  and 

5.  Data  Subset  Selection. 

The  details  of  the  data  set  generation,  analysis,  and  display/hardcopy  options  are 
presented  in  Appendix  A  of  this  document. 

2.2.3  Fusion  Testbed  Configuration,  Control  and  Real-time  Performance  Display 
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The  Fusion  Testbed  requires  modification  to  provide  the  test  operator  the  best 
possible  user  interface  to  the  testbed.  The  testbed  user  interface  presently  uses  a 
command  file  type  of  user  interface.  We  have  striven  to  help  define  and  prepare  for  this 
upgrade  during  this  contract  period.  To  help  define  the  new  testbed  configuration,  control 
and  performance  display  capabilities  we  have  reviewed  the  present  interface  capabilities 
and  user  interface  libraries.  During  this  review  we  have  noted  that  the  Fusion  Testbed  host 
platform  at  Rome  Lab  is  under  going  a  windows  software  library  upgrade.  The  library 
upgrade  is  an  upgrade  of  the  X  windows  graphical  interface  software. 

At  the  start  of  this  contract  the  Fusion  Testbed  display  objects  utilized  code 
developed  using  the  widgets  from  version  2.0  of  the  OpenLook  Intrinsic  Toolkit  (OLIT 
2.0).  This  toolkit  has  since  been  upgraded.  To  maintain  compatibility  with  future 
graphical  efforts  expected  to  run  on  the  Fusion  Testbed’s  host  platform  the  testbed  code 
display  object  needed  to  be  upgraded  to  use  the  new  version.  (OLIT  3.0). 

The  display  object  code  is  that  code  that  handles  the  requests  to  display  to  the  test  bed 
operator  the  latest  status  of  the  measurements  and  track  data  point  values  in  a  two 
dimensional  plot.  The  display  object  shows  the  geographical  map  of  the  earth  background 
overlaid  with  the  radar  sensor  detections.  As  the  tracker  developed  fussed  tracks  the 
display  is  also  overlaid  with  the  fused  track  update  data  points. 

Along  with  the  widget  library  upgrade  a  Graphical  User  Interface,  (GUI)  type  user 
interface  is  desired  for  testbed  operational  control.  Here  the  user  will  use  a  mouse  to 
select  from  testbed  configuration  and  operation  functions  to  run  his  or  her  desired 
algorithm  performance  tests.  In  pursuit  of  this  we  have  developed  a  GUI  using  Devguide 
and  documented  the  design  in  the  final  report,  “Innovative  Approach  to  the  Development 
of  a  Variable  Configuration  Multisensor  Test  Capability”  accomplished  under  contract 
F30602-94-C-0058.  [3]  Devguide  also  uses  widgets  from  OLIT  3.0,  another  reason  the 
upgrade  to  3 .0  was  required. 

To  implement  the  display  object  code  upgrade  we  first  tried  to  recompile  the 
testbed  with  the  OLIT  3.0  library  replacing  the  2.0  version.  The  compile  failed.  The 
libraries  appeared  to  be  incompatible.  A  review  of  the  display  objects  code  indicated  that 
to  learn  where  the  incompatibilities  were  for  such  a  complex  code  would  take  more  time 
than  originally  allotted  to  this  effort.  To  attack  the  problem  we  decided  to  first  upgrade  a 
much  smaller  display  function  that  was  a  standalone  tool.  During  the  upgrade  of  the  tool 
we  did  identify  the  incompatibilities  and  determined  how  to  upgrade  the  Fusion  Testbed 
display  object.  The  present  display  software  has  been  recompiled  with  OLIT  3.0  and  is 
performing  as  expected. 


2.3  Modifications  made  to  the  MATSurv  Algorithm 

As  discussed  in  2. 1 .2  the  Typel,  ( MATSurv),  2-Dimensional  Multisensor 
Detection  to  Multitrack  Fusion  algorithm/tracker  was  fully  integrated,  analyzed  and  tested 
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using  the  new  testbed  coordinate  systems,  and  the  new  post  analysis  capability.  During 
the  testing  an  error  was  found  and  corrected.  The  error  had  to  do  with  coordinate 
definitions,  in  particular  the  trackers  local  coordinates.  The  correction  will  be  discussed  in 
section  2.3.3.  Additionally,  we  were  asked  to  upgrade  the  algorithm.  One  upgrade 
request  was  to  modify  the  algorithm  to  use  a  spatial  association  gate  as  opposed  to  a 
velocity  association  gate  and  is  discussed  in  section  2.3.1.  A  second  upgrade  was  to 
develop  and  include  a  drop  tracks  function  for  the  MATSurv  algorithm.  That  upgrade  is 
discussed  in  section  2.3.2.  After  all  these  modifications  were  made  we  ran  a  performance 
analysis  on  the  algorithm  versus  a  baseline  test  case.  The  performance  analysis  is  presented 
in  section  2.3.4. 

2.3.1  Spatial  Gate  Upgrade 

During  preliminary  testing  of  the  algorithm,  the  algorithm  performance  review  by 
Rome  Lab  engineering  determined  that  when  a  target  was  viewed  by  two  sensors  at  very 
nearly  the  same  time,  one  of  the  detections  was  NOT  associated  with  the  track.  Rome 
Lab  personnel  knew  the  algorithm  used  a  velocity  gate  to  remove  unlikely  associations 
from  the  computations  and  they  were  suspicious  as  to  how  the  calculations  would  handle 
the  velocity  gate  velocity  computation  when  delta  time  approached  zero.  They  checked 
the  processing  and  discovered  that  once  a  track  had  been  updated  by  the  first  detection  the 
track  time  was  updated  to  that  time  of  that  detection.  Then,  when  the  second  detection 
was  processed,  it  being  measured  at  very  nearly  the  same  time,  it  forced  the  time 
difference  between  track  time  and  detection  time  to  approach  zero.  As  the  delta  time 
approached  zero  the  velocity  calculation  ( track  to  detection  separation  /  delta  time) 
approached  infinity.  A  near  infinity  value  caused  the  velocity  gate  to  throw  out  the 
association  and  thus  the  detection  was  never  used  to  update  the  track.  Worse  yet,  the 
unused  detection  started  a  new  track. 

To  correct  the  problem  we  suggested  replacing  the  velocity  gate  with  a  spatial 
gate,  not  a  simple  spatial  gate,  but  spatial  gate  based  on  the  time  since  last  update  and  the 
sensor’s  spatial  measurement  accuracy.  The  idea  of  the  spatial  gate  is  to  compute  the 
space  a  valid  maneuvering  target  could  still  be  observed  in  after  a  given  amount  of  time 
has  elapsed.  If  no  time  had  elapsed  the  space  is  calculated  to  be  bounded  by  the  track 
covariance  values.  If  time  has  elapsed  between  measurements,  the  space  is  enlarged  to 
account  for  the  target  having  traveled  at  a  maximum  velocity,  the  maximum  velocity  as 
used  in  the  original  velocity  gate  function. 

This  spatial  gate  function  was  written  by  CSC  and  used  to  replace  the  velocity 
gate.  To  develop  the  zero  time  spatial  gate  the  track  covariance  eigenvalues  were 
calculated  and  used  to  determine  the  three  dimensional  track  covariance  values 
representing  the  spatial  gate.  Testing  with  the  new  gate  showed  correct  association  of 
measurements  of  the  same  target  from  two  different  sensors  at  the  same  time. 


2.3.2  Addition  of  a  Drop  Tracks  Function 
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Testing  of  the  MATSurv  algorithm  included  tests  where  measurement  without  an 
associated  IFF  beacon  return  were  allowed  to  pass  as  detections.  These  detections  are 
known  as  skin  returns.  When  testing  with  skin  returns  without  an  associated  IFF,  a  large 
amount  of  these  returns  were  due  to  noise.  These  false  detections  caused  the  algorithm  to 
develop  a  very  large  number  of  false  tracks.  They  were  just  tracks  initiated  on  noise.  All 
these  active  f^se  tracks  were  sloAving  down  the  algorithm  so  we  were  asked  to  develop  a 
drop  tracks  function. 

The  drop  tracks  function  we  developed  for  the  MATSurv  algorithm  is  based  on  the 
time  since  last  track  update.  The  drop  track  fimction  scans  active  tracks  to  determine  the 
time  since  last  update  and  if  the  time  is  too  large  removes  the  track  from  the  active  track 
list,  packs  the  list,  but  does  NOT  renumber  the  tracks.  The  dropped  track  data  points  and 
track  number  are  saved  in  a  drop  track  file  in  the  working  directory  of  the  test  bed. 

After  the  drop  tracks  function  was  installed  and  tested,  processing  times  improved  by  a 
factor  of  3  when  the  drop  track  time  without  an  update  limit  was  set  to  60  seconds. 

2.3.3  Minor  Correction  to  Track  Covariance  Usage 

During  preliminary  testing  of  the  post  analysis  tool’s  track  quality  plot  capability 
we  became  aware  that  the  track  quality  covariance  ovals  seemed  to  be  shaped 
inconsistently  with  the  sensor  measurement  noise.  Since  we  knew  that  sensor 
measurement  noise  contributes  to  the  track  covariance,  we  expected  better  alignment. 
Upon  review  we  discovered  that  the  MATSurv  report’s  coordinate  system  documentation 
had  a  minor  mislabel.  This  documentation  error  caused  us  to  map  the  covariance  results 
into  the  analysis  tool  incorrectly.  The  track  covariance  matrix  was  being  generated 
correctly  but  the  north  and  east  axis  usage  during  display  was  inverted  because  of  the 
interpretation  of  the  covariance  matrix  values  based  on  mislabeled  documentation.  The 
algorithm  developer  was  contacted  and  they  concurred  with  our  analysis.  The  algorithm 
was  tracking  properly,  the  appearance  of  the  results  was  incorrect  only  because  of  the 
documentation  error.  We  have  corrected  the  error  and  the  algorithm  performance  error 
ellipses  in  Section  2.3  4  are  presented  the  ellipses  correctly. 


2.3 .4  Verification  of  Correct  Algorithm  Installation 

To  validate  correct  installation  of  the  MATSurv  algorithm  in  the  Fusion  testbed  we 
decided  to  compare  the  results  of  the  algorithm  running  in  the  configurable  Fusion  testbed 
to  the  results  of  the  algorithm  running  the  developer’s  test  case.  To  do  this  the  Fusion 
Testbed  was  configured  to  generate  the  developers  test  case.  To  achieve  the 
configuration  the  sensor  suite  was  configured  to  include  two  L-band  FAA  radar  located  at 
Remsen  and  Dansville,  NY.  The  two  sensors  were  then  requested  to  output  the  same 
measured  data  sets  as  the  MATSurv  developer  used  during  their  testing.  The  Fusion  test 
bed  was  then  configured  to  utilize  the  MATSurv  algorithm,  (Tracker  Type  1)  as  the 
association  and  track  algorithm  combination..  The  testbed  display  and  post-analysis  output 
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objects  were  selected  to  provide  real-time  display  of  the  tracks  and  to  record  the  same 
detailed  performance  data  as  was  documented  by  the  algorithm  developer  to  present  the 
algorithm’s  performance.  This  data  set  included; 

Transformed  Sensor  Detections  (Time, Lat, Long,  Alt), 

Track  Position  Results  (Time,Lat,Long,Alt), 

Track  Covariance  Matrix  (Track  Local  E-N-Up )  and. 

Association  Cost  (Negative  log-likelihood  ratio) 


Using  this  data  the  post-analysis  tool  was  operated  to  evaluate  the  algorithm’s 
performance.  The  first  parameter  evaluated  was  he  total  number  of  tracks.  This  value 
matched  the  developers  results  exactly.  The  second  parameter  evaluated  was  the  number 
of  detects  in  each  track.  This  also  matched  exactly.  If  the  tracks  were  of  the  same 
detections  but  at  a  slightly  different  position  the  association  costs  would  differ  slightly, 
these  costs  did  not  deviate  from  the  developers  cost  over  the  complete  run.  Figure  1 
shows  the  entire  set  of  fused  tracks  generated  using  the  two  FAA  radar. 

This  tests  validate  that  the  re-configuration  capability,  input/output  parameter 
mapping,  object  interfaces,  data  transformations  and  algorithm  have  been  successfully 
implemented  as  optional  capabilities  in  the  Fusion  Testbed.  For  further  algorithm 
performance  information  the  reader  is  referred  to  Section  3.0  of  this  report.  Section  3.0 
walks  the  reader  through  all  the  steps  performed  to  configure,  run  and  analyze  the 
performance  of  the  MATSurv  algorithm. 
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DISPLAY  OF  ALL  COMPUTED  TRACKS 


78  -77  -76  -75 

Longitude  (Deg.) 


Figure  1  -  Fused  Tracks 
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3.0  Testbed  &  Tracker  Operation 

This  section  provides  the  reader  with  a  structured  walk  through,  presenting  an 
example  of  how  to  operate  the  Fusion  Testbed  to  exercise  and  evaluate  the  performance 
of  a  tracker.  In  this  case  the  Type  1  tracker,  (MATSurv)  is  exercised.  Table  1,  included 
at  the  end  of  this  section  organizes  the  operational  information  into  a  pullout  check  list. 


Logging  in  -- 


The  first  step  in  operating  the  Fusion  Testbed  is  to  gain  access  to  the  testbed 
runtime  account.  The  present  account  is  contained  on  the  computer  system  JACOB  in 
the  OC  fusion  lab.  The  testbed  user  can  gain  access  to  JACOB  by  networking  fi'om  an  X- 
Windows  terminal  shell.  The  user  then  logs  into  the  user  account  named  MIST.  After 
giving  the  correct  password,  the  user  should  set  the  DISPLAY  environment  to  the  local 
machine. 


3 . 1  Testbed  Configuration  Files  -  Block  Diagrams  -  Flow  Charts 

The  user,  before  starting  to  configure  the  testbed  may  wish  to  review  a  description 
of  the  testbed,  it’s  coordinate  systems  and  functional  flow.  If  this  is  so,  the  user  is 
directed  to  review  the  Appendix  A  of  the  “Multisensor  Air  Traffic  Surveillance  Tracker  - 
Interface  Design  Document”  of  [3]  before  configuring  the  Fusion  Testbed. 

3.2  Testbed  and  Algorithm  Parameter  Inputs 

At  present,  configuration  options  are  selected  by  modifying  four  configuration 
files.  The  four  files  are  contained  in  the  “config”  sub-directory.  The  files  used  in  the 
MATSurv  example  are: 


1.  tracker  typel. config 

2.  tl_2D_Asoc_Kalman.config 

3.  display_UpstateNY_TO. config 

4.  suite_REMDAN_diuf  config 


Testbed  Configuration  File 
Tracker  Configuration  File 
Display  Configuration  File 
Sensor  Suite  Configuration  File 


The  testbed  configuration  file  contains  the  parameters  and  file  directives  to  setup 
the  testbed  configuration.  The  parameters  and  files  are: 


Sensor  Suite  Configuration  File 
Display  Configuration  File 
Type  -  Specific  Configuration  File 
Track  Frame  Origin  (latitude,  longitude) 
Maximum  Velocity  (nmi./hr) 

Maximum  Acceleration 
SimulatorO  Target  File 
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Diu  Formatted  File 
Ambis  Formatted  File 
Ambis  Host  (latitude,  longitude) 
Number  of  Buttons 
Button  #  1 

Perform  Tracking  Flag 

Number  of  JSS  Detection  Tag  Types 

JSS  Detection  Tag  #  1 

JSS  Detection  Tag  #  . 

JSS  Detection  Tag  #  . 

JSS  Detection  Tag  #  N 


The  tracker  configuration  file  contains  the  parameters  and  file  directives  to  setup 
the  tracker  configuration.  The  parameters  and  files  are: 

Tracker  type  identifier, 

Associator  Name 
Track  Filter  Name 

Filter  Control  Variables  by  tracker  type: 

Noise  Model  Parameters 
Drop  Track  Time 
Negative  Time  Limit 

Association  Control  Variables  by  associator  type: 

Maximum  Target  Speed 
Maximum  Target  Acceleration 

The  display  configuration  file  contains  the  parameters  and  file  directives  to  setup 
the  display  configuration.  The  parameters  and  files  are: 

Display  Coordinate  Origin  (latitude,  longitude) 

Display  Lower  Right  Origin  (latitude,  longitude) 

Display  Type 
Background  Map  File 
Artifact  File 

Number  of  History  Points  to  Maintain 
Detection  Indicator  Radius 
Track  Indicator  Radius 

Initial  Display  Dimension  (  Columns  and  Rows) 

Erase  Old  Measurement  Flag 
Number  of  Buttons 
Button  #1 

The  sensor  suite  configuration  file  contains  the  information  to  setup  the  sensor 
suite.  The  parameters  and  file  names  are: 
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Number  of  Sensors  in  Suite 
Data  File 

Sensor  #  1  Configuration  File 
Sensor  #  N  Configuration  File 


For  each  sensor  in  the  suite,  a  sensor  configuration  file  is  used  to  select  each  of  the 
sensor’s  operational  settings  or  input  parameter.  The  two  files  used  in  this  case  are  found, 
each  in  their  own  sub-directory,  under  the  “config”  sub-directory.  The  files  are: 

1 .  remsen.config  Sensor  Configuration  File 

2.  dansville.config  Sensor  Configuration  File 

The  sensor  configuration  file  contains  the  information  to  model  sensor.  The 
parameters  are  sensor  dependent.  An  example  set  is: 

Sensor  Type 

Sensor  Beam  Width 

Scan  Time 

Sensor  Location:  (Lat.,  Long.,  Alt.) 

Sensor  Measurement  Noise 

Probability  of  Detect 

Surveillance  Region  Volume 


For  all  the  configuration  files  the  parameters  and  options  are  well  documented  in 
each  file,  and  since  this  is  only  a  temporary  operational  mode  that  will  be  replaced  by  a 
GUI  driven  options  menu,  we  will  not  elaborate  further.  For  now,  the  user  edits  and 
renames  these  files  to  set  up  his  or  her  new  Fusion  Testbed  configuration. 

3 . 3  Operation  and  Results 

After  the  configuration  files  have  been  edited  and  saved  the  user  can  start  the  test 
run  by  inputting  the  command: 

traclcer4  -f  tracker_typel. config 

This  command  tells  the  tracker  to  start  its  operation  and  configure  the  testbed  as 
described  in  the  file  —  tracker_typel. config.  The  testbed  reads  the  specified  file  and  that 
file  identifies  the  tracker,  display,  and  sensor  suite  files.  These  are  in  turn  read  and  used 
to  complete  the  configuration.  Once  configuration  is  complete  the  testbed  executes  using 
the  data  from  the  sensors  and  control  values  from  the  configuration  files.  In  this  case  a 
display  type  0  which  causes  a  map  of  Upstate  New  York  to  be  displayed  with  the  sensors 
and  their  detections  on  a  scan  by  scan  basis.  As  the  scans  come  in  the  Type  1  tracker. 
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(MATSurv)  used  the  detections  to  generate  fused  tracks  and  the  Display  object  is  used  to 
overlay  the  tracks  on  top  of  the  detections.  A  simple  magnifier  window  can  be  used  on 
some  workstations  to  magnify  a  selected  area  of  the  display.  The  display  can  be  moved 
and  sized  to  fit  user  preferences. 

The  user  can  watch  the  tracks  develop  and  decide,  in  a  visual  way,  if  the  algorithm 
is  performing  as  expected.  If  things  are  going  well  the  user  lets  the  process  run  to 
completion,  i.e.  reach  the  end  of  all  sensor  scan  data.  At  this  time  the  display  can  be 
copied  to  hardcopy  and  the  test  case  terminated  by  entering  a  Ctrl  c. 

3.4  Performance  Analysis 

During  a  test  case  run  a  tracker  algorithm  is  busy  storing  selected  input  and  output 
data  sets  to  provide  data  for  the  Post  Analysis  Tool.  In  the  case  of  the  Type  1  tracker  the 
data  discussed  in  Section  2.3.4  has  been  saved  along  with  the  data  units  and  column 
identification  name.  This  data  is  contained  in  four  files.  The  four  are: 

1 .  raw_data.col  data  column  names  for  the  raw_data.dat  file. 

2.  raw_data.dat  raw  sensor  data.  —  (detections). 

3.  measurements,  col  —  data  column  names  for  the  measurements.dat  file. 

4.  measurements.dat  —  tracker  response  data,  (tracks  and  covariance). 

These  data  files  are  moved  to  the  post-analysis  sub-directory  and  the  user  sets  the 
working  directory  to  the  post-analysis  directory  and  enters  —  post  —  to  start  the  post 
analysis  tool.  In  the  case  of  this  example  we  moved  the  results  of  the  tracker  type  1  run  to 
the  post-analysis  directory  and  generated  the  following  plots  to  record  the  sensor 
detections  and  tracking  fusing  performance  of  the  MATSurv  algorithm. 


Example  Analysis  —Track  15,  IFF  #2111  with  31  detections. 

Figure  2  shows  the  fused  track  labeled  number  15  from  the  target  with  the  IFF 
value  of  21 1 1.  This  post  analysis  plot  matches  the  plot  shown  on  page  17  of  the 
MATSurv  report  [1].  Figure  3  shows  a  blow  up  of  the  same  track  on  a  Latitude  and 
Longitude  plot  matching  figure  8  on  page  18  of  the  MATSurv  report.  Figure  4  shows  an 
altitude  Vs  time  plot  for  the  same  track  that  also  matches  the  plot  on  page  18  of  the  same 
report.  The  only  difference  in  this  case  is  that  the  post-analysis  plot  is  not  normalized  to 
the  time  of  the  first  detection.  The  normalization  capability  is  being  added  as  this  report  is 
being  written. 

Example  Analysis  —  Track  46,  changing  IFF,  25  detections 

Track  46  is  a  track  which  shows  the  association  performance  of  the  MATSurv 
algorithm.  The  aircraft  is  landing  and  for  some  reason  the  IFF  changes  before  the  plane 
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lands.  The  algorithm  tracks  the  maneuvering  plane  and  as  shown  in  Figures  5  -  8  the  post 
analysis  tool  can  develop  a  wide  variety  of  performance  plots. 

Figure  5  is  a  spatial  latitude/longitude  track  plot, 

Figure  6  is  a  blow  up  of  the  spatial  plot  with  detection  and  track  overlays 
including  track  covariance  ellipses. 

Figure  7  is  an  altitude  track  plot  showing  the  plane  landing,  and 
Figure  8  is  a  plot  of  the  association  cost  used  internally  to  weight  the  detection  to 
track  association  decisions  performed  by  MATSurv.  These  costs  are  the  negative  log  of 
the  likelihood  that  the  detection  was  redly  associated  with  track  46. 

These  figures  can  be  compared  to  the  algorithm  developers  performance  analysis 
plots  shown  in  figures  12-23  of  the  MATSurv  report  [1]. 

Example  Analysis  ~  Track  7  -  outlier  rejection,  as  presented  in  the  MATSurv  report. 

Figures  9  and  10  duplicate  the  performance  plots  presented  in  the  report  used  to 
indicate  the  MATSurv  tracker  performance  in  rejecting  very  noisy  detections  and  fusing  an 
incorrectly  assigned  ID  detection.  These  figures  can  be  compared  to  the  figures  25  and  29 
of  the  performance  report.  One  may  note  the  difference  in  orientation  of  the  track 
covariance  error  ellipses.  The  post  analysis  plots  show  the  correct  orientation. 

Example  Analysis  -  S  Turn  Track  -  Maneuvering  Target  Track. 

Figure  1 1  plots  the  track  of  a  target  that  was  flown  a  prescribed  flight  path  during 
the  data  acquisition  period.  During  the  observation  period  the  pilot  was  directed  to 
maneuver  the  aircraft  to  generate  a  S  shaped  turn.  As  shown  in  Figure  1 1  the  testbed 
sensors  detected  the  target  and  the  association  function  associated  the  correct  detections. 
These  detections  were  fused  into  a  very  solid  track  that  was  maintained  through  out  the 
maneuver. 


How  were  these  plots  made?  Appendix  A  of  this  report  contains  the  user  manual 
for  the  post  analysis  tool.  The  user  should  refer  to  the  appendix  to  learn  how  to  operate 
the  tool. 
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Figure  2  -  Fused  Track  #15 
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Figure  3  -  Fused  Track  #15,  Blowup 
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TRACK  Altitude  (km) 


Figure  4  -  Fused  Track  #15,  Altitude  Plot 
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Figure  7  -  Track  #46,  Altitude  Plot 
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Figure  8  -  Detection  to  Track  Association  Cost  (Neg-Log-Liklihood) 
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Figure  9  -  Track  7 
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Table  1 

OCSM  Fusion  Testbed  Operational  Instructions  Check  List 


Example  Access; 

Remote  Access  Over  Local  Network  using  UNIX  Workstation 

Step  #  Action  Result 

- Setup  Testbed  Run  Session  to  include  a  Graphic  Display  Capability 

1  Open  UNIX  shell  and  telnet  to  JACOB  Receive  login  prompt 

2  login  to  the  MIST  account,  give  password  user  is  at  MIST  working  directory 

3  set  the  DISPLAY  enviromnent  to  the  none 

workstation  network  address  so  that 

display  graphics  are  displayed  on  the 
remote  screen. 

setenv  DISPLAY  amdfindi;0 


- Setup  a  file  editing  session  that  allows  the  use  of  an  x  windows  file  editor  —  “x-edit” 

1  Open  UNIX  shell  and  telnet  to  JACOB  Receive  login  prompt 

2  login  to  the  MIST  account,  give  password  user  is  at  MIST  working  directory 

3  set  the  DISPLAY  environment  to  the  none 

workstation  network  address  so  that 

display  graphics  are  displayed  on  the 
remote  screen. 

setenv  DISPLAY  amdfindi;0 

4  entering  —  xedit  config/“filename”  & 
will  start  an  x-windows  text  editor 
that  will  allow  the  operator  to  edit 

the  testbed  configuration  files 
contained  in  the  configuration 
sub-directory. 

5  edit  the  configuration  files  as  appropriate  for 
the  test  desired.  Save  the  files. 

6  return  to  the  first  shell  and  enter  the  tracker 
run  command; 

“tracker4  -f  Typel  Tracker.config” 


The  display  object  selected  will 
appear  displaying  the  detections 
and  tracks  developed  during  this 
a  graphic  window  fusion  run. 
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4.0  Future  Efforts 


While  working  on  this  project  a  number  of  future  efforts  have  been  identified.  We 
wish  to  take  this  time  to  list  these  efforts  in  order  to  serve  as  a  starting  point  for 
discussions  and  planning. 


Effort  List 

1 .  Increase  the  fidelity  of  the  surveillance  target  simulation  capability. 

a.  Measured  data  cloning. 

b.  Threat  engagement  and  Sensor  modeling. 

2.  Using  the  results  of  1,  develop  baseline  stressing  test  cases. 

3.  Evaluate  the  need,  requirements  and  approach  to  develop  a 
“networked”  processing  capability.  Early  planning  may  eliminate 
later  modifications  to  the  testbed. 
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IHTRODUCTIOW 

This  document  has  been  put  together  to  illustrate  the 
current  state  and  capabilities  of  the  fusion  post— processing 
code.  On  the  following  pages,  each  capability  has  been 
explained  in  words,  via  User  interaction,  and  in  terms  of 
outputs . 

The  fusion  post— processing  code  is  currently  comprised  of  a 
main  C  program  which  may  invoke  any  of  a  number  of  C  subroutines 
to  perform  any  necessary  mathematical  processing  and  then 
creates  a  number  of  data  sets  needed  by  the  shareware  plotting 
package  XGobi.  The  manual  for  XGobi  will  be  provided  under 
separate  cover. 

Prior  to  the  running  of  the  fusion  post— processing  code, 
the  data  to  be  analyzed  must  be  created  by  the  particular 
algorithm  being  used.  This  is  accomplished  by  using  subroutines 
generated  by  CSC  which  dump  the  pertinent  data  into  files  to  be 
then  read  in  by  the  post-processing  code.  Before  calls  to  these 
subroutines  are  inserted  into  the  Algorithm  at  positions  where 
tracks  are  being  initiated  and  propagated,  the  variable  names 
corresponding  to  the  following  data  needs  to  be  identified  (if 
this  data  does  not  exist  for  a  particular  Algorithm  or  group  of 
scans  (such  as  Target  ID),  then  it  does  not  need  to  be  output  to 
the  file) : 

INPUT  DATA 

The  Detection  Data  Set  Solusin  HEADINGS  AREj 


8) 

Ti.aie'  (seconds) 

!) 

Scan  Number 

2) 

Detect  #  In  Scan 

3) 

Sensor  ID 

4) 

Detect  Longitude  (Deg.) 

5) 

Detect  Latitude  (Dec 

1-) 

6) 

Detection  Altitude  1 

'kn) 

7) 

Target  ID 

DESCRIPTION 

0) 

Time  ( seconds ) 

Time  of  Detection  in  Scan 

1) 

Scan  Number 

Scan  Number 

2) 

Detect  #  In  Scan 

Detect  #  In  Scan 

3) 

Sensor  ID 

Sensor  Identification 
(could  be  ASCII  or  numerical) 

4) 

Detect  Longitude  ( Deg .  )^ 

Detection  Location  (Units 

5) 

Detect  Latitude  ( Deg . )  j 

w according  to  Algorithm 

6) 

Detection  Altitude  (]cm)J 

'  in  question ) 

7) 

Target  ID 

Target  Identification 
(Input  with  Scan) 

Aa  • 


COMPUTED  DATA 

The  COMPUTED  Data  Set  Column  HEADINGS  ARE: 

0)  Track  Time  (seconds) 

1)  Track  Nanber 

2)  Scan  Number 

3)  Detect  #  In  Scan 

4)  Latest Assoc, Detect  Long. 

"  S)  La test Assoc, Detect  Lat. 

6;  Latest Assoc. Detect  Alt.  . 

7)  TRACK  Longitude  (Deg.) 

8)  TRACK  Latitude  (Deg.:)) 

9)  TRACK  Altitude  (kni) 

10)  Vel .  Due  North  (kra/s) 

11)  Vel.  Due  East  (km/s) 

12)  Vertical  Vel.  Up  (km/s) 

13)  Velocity  Magnitude 

14)  Cost 

18)  TRA?rCov.  dueNorth  (km) 

17)  TRACK  Cov.  due  East  (km) 

18)  TRACK  Cov.  up  (km) 

19)  TRACK  Cov.  NE  (km) 

20)  TRACK  Cov.  N  UP  (km) 

21)  TRACK  Cov.  E  UP  (km) 


DESCRIPTION 


0) 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 
9) 

10) 

11) 

12) 

13) 

14) 

15) 


16) 

17) 

18) 

19) 

20) 
,211 


Track  Time  ( seconds ) 

Track  Number 
Scan  Number 
Detect  #  In  Scan 

LatestAssoc. Detect  Long.l 
LatestAssoc. Detect  Lat.  Y 
LatestAssoc. Detect  Alt. ^ 


TRACK  Longitude  (Deg.) 
TRACK  Latitude  (Deg.) 
TRACK  Altitude  (km) 


Vel.  Due  North  (km/s) 
Vel.  Due  East  (km/s) 
Vertical  Vel.  Up  (km/s) 
Velocity  Magnitude 


} 

} 


Cost 

Target 


ID 


TRACK 

TRACK 

TRACK 

TRACK 

TRACK 

TRACK 


Cov. 

Cov. 

Cov. 

Cov. 

Cov. 

Cov. 


dueNorth  (km) 
due  East  (km) 
up  (km) 

NE  (km) 

N  UP  (km) 

E  UP  (km) 


Time  of  Detection  in  Scan 
Algorithm  Calculated  Track  No. 
Scan  Number 
Detect  #  In  Scan 

Detection  Location  (Units 
according  to  Algorithm  in 
question)  Associated  with  this 
Track  Point. 

Track  Point  Location  (Units 
according  to  Algorithm  in 
question ) . 


Velocity  Vector  and  CSC  computed 
Velocity  Magnitude. 


Cost  of  Target  Association 
Target  Identification 
(Input  with  Scan) 

Track  Covariance  Matrix  Terms: 
Position  (1/1) 

Position  (2,2) 

Position  (3,3) 

Position  (1,2) 

Position  (1,3) 

Position  (2,3) _ 


_  •  •  • 
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SCAN  DATA  MENU 


MENU  APPEARANCE  IN  SHELL;. 


SCAN  DATA  MENUS  '  ^  ^ 

t.  TABULAR  Display  of  Scan  NtMiber,  Location,  #  of  Datacts,  Tuna  Intarval 
::  T  ABULAR^'UTsbtiu  :v;mf '  ■  Tairttet :  ;:l:  0;  v:::Nu^ 

PLOT  ALL  SCANS  Ctti»e>  Tat^^  long;  a1 1 . ) 


2. 

3. 

4. 

5. 
G. 
7. 


SCAN  PLOT  of  iat,  long,  alt 

TARGET  ID  PLOT  of  <tiino,  lat,  long 
TRAlsKFER  To  Track  Data  MENU 
QUIT 


.)  data 
,  alt.>  data 


COMPOTED  DATA  MENU 


MEMO  APPEomnrg  TM  glllCT.I.. 


Track  Data  MENU  2:-’ ‘■•V 
0.  PLOT  Tracks 

U  Output  Tables  by  Track  Numbers  containing  Number  of  Asscclatsd  Detections  and: 
a*  Minimum  time  and  Maximum  time 
b.  Range  of  Track  Coordinates 
2.  PLOT  One  Track 

3-  PLOT  One  Track  and  Associated  Detections 

A,  PLOT  Association  Cost 

5.  COMPUTE  TABULAR  Suiwary  of  Innovation  (Detections  -  Track)  along  with  corresponding  plot. 

B.  OUTPUT  a  Table  of  Target  ID  vs.  Associated  Tracks 

7,  PLOT  Track  Covariances  vs.  Time 

8,  PLOT  Covariance  Ell  loses  for  Detections  vs.  Tracks 

9,  PRINT  OUT  (bg  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track 

10,  PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  10 

11,  PLOT  Velocity  by  Track 

12.  TRANSFER  to  Scan  Data  Menu 

13.  QUIT 
MENU  Choice; 
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VARIABLE  DEFINITION 


After  invoking  the  progreoii,  the  following  menu  is  displayed: 

Choose  the  DATA  to  be  Examined: 

1.  SCAN  Data 

2.  Track  Data 

3.  QUIT 

DATA  CHOICE:  1 


Figure  1 

The  next  several  displays  allow  the  user  to  identify  which 
columns  in  his/her  data  set  correspond  to  the  variable 
descriptions  needed  for  the  TABLE  outputs  and  PLOTS  created  by 
the  program.  Three  types  of  inputs  are  possible: 

1.  A  single  integer  INPUT  names  one  column.  (Figure  2) 

2.  Three  integer  Inputs  correspond  usually  to  location,  either 
(Longitude,  Latitude,  and  Altitude)  or  (X,Y,Z).  (Figure  3) 

3.  If  a  variable  does  not  exist  in  the  data  set,  the  User 
should  INPUT  a  -1.  (Figure  4) 


The  RAUf  Detection  Data  Set  Column  HEADINGS  AREi 
0)  Time  (seconds) 

1)  Scan  Number 
•  ■  2) '  'Detect"!'  In  Scan' ' 

3)  &nsor  ID 

,  4}  Detect  longitude  '-(Deg. )' 

5)  Detect  UtTtuda  (Deg.) 

6)  Detection  Altitude  (km) 

7)  Target  ID 

The  varlable(s)  to  be  identified:  Detection  Time 


(There  should  be  1  integer  inputs.) 

[Choose  the  column  nunber  from  the  above  list  which  corresponds  to  the  above  named  variab]e(s).] 
[INPUT  a  -1  if  there  is  no  data  which  corresponds  to  this  variable(s).] 

Figure  2 
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VARIABLE  DEFINITION  Continued 


The  R/ii  Detection  Data  Set  Column  HEADINIS  ARE: 

0)  Time  (seconds) 

})  Scan  Rdber 

2)  Detect  #  In  Scan 

3)  Senstr  ID  .  . 

4)  Detect  Longitude  (Deg.) 

5)  Detect  Latitude  (Deq.) 

5)  Detection  Altitude  ikn) 

7)  Target  ID 

The  variable(s)  to  be  identified:  Detection  location 


[There  should  be  3  integer  inputs.] 

[Choose  the  column  number  from  the  above  list  whidi  corresponds  to  the  above  named  variable(s).] 
[INPUT  a  -1  if  there  is  no  data  which  corresponds  to  this  vriable(s).] 


Figure  3 


The  R/i  Detection  Data  Set  Colimn  HEADINSS  ARE; 

8)  Time  (seconds) 

1)  Scan  Number 

2)  Detect  #  In  Scan 

3)  Sensor  ID 

4)  Detect  longitude  (Deg.) 

5)  Detect  latitude  (Deg.) 

6)  Detection  Altitude  (km) 

7)  Target  ID 

The  variabl8(s)  to  be  identified;  Target  ID 


[There  should  be  1  integer  inputs.] 

[Choose  the  column  nunber  from  the  above  list  which  corresponds  to  the  above  named  variable(s).] 
[INPUT  a  -1  if  there  is  no  data  which  corresponds  to  this  variable(s).] 


Figure  4 
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UNITS  DEFINITION^  TIME  "NORMALIZATION” 


The  next  menu  requests  the  User  to  INPUT  the  Unit  Choice 
of  his/her  raw  data  (Scan  or  Detections)  and  measurement  data 
(Algorithm  calculated  or  Track  Calculations)  (Figure  5). 


«  «  «  « «  S  «  «  «  «  SSSSSSSSSSS  9K  «  «  »  jK  «  $  «  « t 

Unit  Choice  for  Detections  and  Track  Calculations; 

U  longitude  (Deq.),  Latitude  (Oeg,)i  Altitude  (km) 
2*  positions 

INPUT  Unit  Choice;  1 

Figure  5 


The  next  menu  (Figure  6)  is  referred  to  as  the 
Time  NORMALIZATION  MENU. 

It  allows  the  User  to  request  that  the  data  all  be  NORMALIZED 
to  the  Earliest  Detection  Time  of  All  Scans.  Since  data 
occasionally  enters  the  Algorithm  as  actual  flight  time,  the 
time  values  plotted  may  turn  out  to  be  expressed  in 
exponential  notation  and  the  User  may  not  gain  a  true  feel  for 
the  range  of  data  being  plotted.  Choosing  Option  2  from 
Figure  6  allows  the  User  to  use  as  the  ”0.0  second”  reference 
point  the  earliest  detection  time  of  all  the  detections  which 
results  in  plots  with  smaller,  and  more  easily  readable, 
values  for  the  Time  Axis  of  the  given  plot. 

If  Option  2  from  this  MENU  is  chosen,  then  an  additional 
subtitle  is  added  to  the  plot  which  identifies  the  time  value 
used  in  the  NORMALIZATION  process .  This  is  the  value  which 
has  been  subtracted  from  each  of  the  time  values  shown  in  the 
plot. 


In  this  document,  if  a  time  axis  is  plotted,  then  both  in 
many  cases  UN-NOPMALIZED  and  NORMALIZED  plots  will  be  shown. 
The  NORMALIZED  plot  will  always  be  on  the  next  page  after  the 
UN-NORMALIZED  plot  and  will  have  the  Figure  Number 
Figure  * (normalized) . 


Time  NORMALIZATION  MENU: 

1.  Use  UN-NORMALIZED  Times  as  Listed  in  Input  File 

2.  N0ra*lALIZE  Times  to  Earliest  Detection  Time  of  All  Scans 

Time  NORMALIZATION  CHOICE:  2 

Figure  6 
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Missing  Variables  ERROR  Example 


Before  proceeding  through  the  Options,  one  additional 
feature  will  be  described.  If  the  User  does  not  have  data  in 
his/her  data  set  which  corresponds  to  a  particular  plotting 
capability,  a  "-1"  should  be  INPUT  (Figure  4).  When  a  plot  is 
reguested  which  uses  the  missing  data  (Figure  7),  then  the  error 
message  of  Figure  8  will  be  displayed  and  the  User  will  be 
rerouted  to  the  MENU  that  he/she  was  last  working  with. 


SCAN  DATA  MENU:  ^  ^  .  n*.  t  *  i 

L  TABULAR  Display  of  Scan  Number,  Location,  #  of  Detects,  Time  Interval 

2.  TABULAR  Display  of  Target  ID  (IFF)  and  Nunbsr  of  Detects  per  ID 

3.  PLOT  ALL  SCANS  (time,  lat,  long,  alt.) 

4..  SCAN  PLOT  of  (time,  lat,  long,  alt.)  data 

5.  TAR6ET  ID  PLOT  of  (time,  lat,  long,  alt.)  data 

6.  TRANSFER  To  Track  Data  MENU 

SCAN  DATA  plot  CHOICE:  5  . 

Figure  7 


The  variables  needed  for  the  chosen  procedure  are: 

Detection  Time,  Target  ID,  Detection  Location  [2  to  4] 

In  the  above  list.  Variable  #1  is  missing  from  the  INPUT  data  set, 

[Variable  count  begins  with  0] 

t********i^********************************************* 

H^tiitt*************************************************** 

rt**int*t*****'******************************t************ 

Please  choose  ANOTHER  Option: 

i^*****t************«*ti^*t****************************** 

SCAN  DATA  MENU;  .  , 

1.  TABULAR  Display  of  Scan  Number,  Location,  #  of  Detects,  Time  Interval 

2.  TABULAR  Display  of  Target  ID  (IFF)  and  Number  of  Detects  per  ID 

3.  PLOT  ALL  SCANS  (time,  lat,  long,  alt.) 

4.  SCAN  PLOT  of  (time,  lat,  long,  alt.)  data 

5.  TARGET  ID  PLOT  of  (time,  lat,  long,  alt.)  data 

6.  TRANSFER  To  Track  Data  MENU 

7.  QUIT 

SCAN  DATA  plot  CHOICE:  Q 


Figure  8 
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SCAN  DATA  MENU:  Option  1 

SC&W  O&TA  MENU! _ _ _ _ 

I  1.  TABULAR  Display  of  Scan  Number,  Location,  #  of  Detects,  Time  Interval 
i  AeiJLAfi  JJisplay  of  target  ID  and  Number  ol^  lietects  per  Ili 

3*  PLOT  ALL  SCANS  (time,  lat,  long,  alt.) 

4.  SCAN  PLOT  of  (time,  lat,  long,  alt.)  data 

5.  TARGET  ID  PLOT  of  (time,  lat,  long,,  alt.)  data 
6«  TRANSFER  To  Track  Data  MENU 

SCAN  DATA  plot  CHOICE:  1 

Figure  9 

The  first  Option  displayed  is 

1.  TABULAR  Display  of  Scan  Humber,  Location,  I  of  Detects,  Time 
Interval 

This  Option  will  yield  a  display  to  the  User's  shell 
comprised  of  five  columns  (Figure  12  on  the  next  page): 

1.  Scan  Number  (as  in  the  Input  data  set) 

2.  Location  (This  example  -  Remsen  (R)  or 
Dansville  (D)  ) 

3.  #  of  Associated  Detects  for  that  Scan 

4.  Minimum  Time  (in  Scan) 

5.  Maximtim  Time  (in  Scan) 

Once  this  display  is  made  to  the  shell,  the  quejry  of 

Figure  10  will  be  made  to  the  User  to  obtain  a  HARD  COPT  of  the 

Table  on  the  laser  printer.  By  entering  the  number  ”1",  a  HARD 
COPY  may  be  obtained.  If  the  User  responds  "2"  (for  "NO")  ot 
pushes  <Enter>  twice,  then  the  HARD  COPT  is  skipped  and  the  menu 
of  Figure  13  will  be  offered  to  the  User  (page  A-8). 

[If  the  User  responds  with  eui  incorrect  answer  to  the  query 
of  Figure  10,  then  the  "comment"  of  Figure  11  will  be  displayed 
on  the  User's  shell  and  the  query  of  Figure  10  will  be  posed 
again. ] 

Do  you  want  to  have  a  HARD  COPY  of  the  above  TABLE? 

1)  YES 

2)  NO  [or  push  <Enter>  TWO  TIMES] 


Figure  10 

«  }i(  4c  4(  7|c)K  4c  #  )«c  :1c  ^  3K  4c  «  4c  7k  :fc3|c  4t  )lc «  3K  Ht «  3)c  «  i|c  4c  4c  3fc  :4c 

ERROR  in  Data  INPUT: 

INPUTTED  Value;  3 

[1  or  2  or  <Enter>  TWO  TIMES  are  the  only  acceptable  values.] 
Please  Try  AGAIN.  . 

4e  4c  4c  4c  4c  4c  4e  4c  4c  4c  4c  4c  34c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4e  4c  4c  4c  3k  4c  4c  4c  ak  7k  4c  4c  ^  ♦  3k  4c  4c  4c  :k  *  4e  ♦  4t  ♦  4c  )k  Tk  4c  4c  4e  4c  4c  Tiic 

Figure  11 
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SCAN  DATA  MENU:  Option  1 


Scan 

#  of 

Minimtxm 

Maximum 

Number 

Sensor 

Detects 

Time 

Time 

1 

R 

29 

61499.898 

61508.102 

2 

0 

3 

D 

33 

61501o699 

61505.500 

4 

R 

37 

61511ol02 

61517.500 

5 

D 

36 

61511o898 

61515.500 

6 

D 

33 

61521.602 

61525.801 

7 

R 

31 

61523.199 

61532.500 

8 

D 

34 

61531.801 

61535.801 

9 

R 

30 

61535.102 

61542.602 

11 

R 

35 

61547.301 

61554.500 

12 

0 

40 

61552.199 

61556.199 

13 

R 

35 

61559.602 

61564.801 

14 

D 

39 

61562.199 

61566.199 

15 

R 

34 

61571.102 

61577.301 

16 

D 

34 

61572.301 

61576.102 

17 

D 

33 

61582.398 

61586.398 

18 

R 

34 

61583.398 

61589.199 

19 

D 

37 

61592.602 

61596.398 

20 

R 

29 

61595.199 

61604.102 

21 

D 

40 

61602.602 

61606.699 

22 

R 

29 

61607.398 

61616.301 

23 

D 

40 

61612.801 

61616.801 

24 

R 

31 

61619.398 

61625.301 

25 

0 

40 

61622.602 

61626.699 

26 

R 

32 

61631.301 

61637.199 

27 

D 

43 

61632.801 

61636.898 

28 

R 

29 

61643.301 

61649.000 

29 

D 

37 

61642.898 

61646.898 

30 

0 

31 

D 

36 

61653.000 

61657.102 

32 

R 

28 

61655.602 

61661.102 

33 

D 

27 

61663.199 

61667.199 

34 

R 

28 

61667.500 

61675.000 

35 

D 

37 

61673.500 

61677.398 

36 

R 

28 

61679.699 

61686.898 

37 

D 

37 

61683.398 

61687.602 

38 

R 

34 

61691.699 

61697.801 

39 

D 

34 

61693.500 

61697.500 

40 

D 

33 

61703.898 

61707.602 

41 

R 

32 

61704.398 

61709.699 

42 

D 

27 

61713.699 

61717.602 

43 

R 

26 

61715.500 

61721.898 

44 

D 

31 

61723.801 

61727.898 

45 

R 

33 

61727.699 

61735.000 

46 

D 

36 

61733.898 

61738.000 

47 

R 

26 

61739.602 

61745.199 

48 

D 

37 

61744.199 

61747.898 

49 

R 

22 

61752.000 

61757.301 

50 

D 

40 

61754.199 

61758.102 

51 

0 

52 

R 

35 

61763.699 

61769.699 

53 

D 

40 

61764.301 

61768.301 

54 

D 

35 

61774.398 

61778.500 

55 

R 

32 

61775.500 

61784.500 

Figure  12 
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SCAN  DATA  MENU 


Scan 

#  of 

Minimum 

Maximum 

Number 

Sensor 

Detects 

Time 

Time 

1 

R 

29 

0.000 

8.203 

2 

0 

3 

D 

33 

1.801 

5.802 

4 

R 

37 

11.203 

17.602 

5 

D 

36 

12.000 

15.602 

6 

D 

33 

21.703 

25.902 

7 

R 

31 

23.301 

32.602 

8 

D 

34 

31.902 

35.902 

9 

R 

30 

35.203 

42.703 

11 

R 

35 

47.402 

54.602 

12 

D 

40 

52.301 

56.301 

13 

R 

35 

59.703 

64.902 

14 

D 

39 

62.301 

66.301 

15 

R 

34 

71.203 

77.402 

16 

D 

34 

72.402 

76.203 

17 

D 

33 

82.500 

86.500 

18 

R 

34 

83.500 

89.301 

19 

D 

37 

92.703 

96.500 

20 

R 

29 

95.301 

104.203 

21 

D 

40 

102.703 

106.801 

22 

R 

29 

107.500 

116.402 

23 

D 

40 

112.902 

116.902 

24 

R 

31 

119.500 

125.402 

25 

D 

40 

122.703 

126.801 

26 

R 

32 

131.402 

137.301 

27 

D 

43 

132.902 

137.000 

28 

R 

29 

143.402 

149.102 

29 

D 

37 

143.000 

147.000 

30 

0 

31 

D 

36 

153.102 

157.203 

32 

R 

28 

155.703 

161.203 

33 

D 

27 

163.301 

167.301 

34 

R 

28 

167.602 

175.102 

35 

D 

37 

173.602 

177.500 

36 

R 

28 

179.801 

187.000 

37 

D 

37 

183.500 

187.703 

38 

R 

34 

191.801 

197.902 

39 

D 

34 

193.602 

197.602 

40 

D 

33 

204.000 

207.703 

41 

R 

32 

204.500 

209.801 

42 

D 

27 

213.801 

217.703 

43 

R 

26 

215.602 

222.000 

44 

D 

31 

223.902 

228.000 

45 

R 

33 

227.801 

235.102 

46 

D 

36 

234.000 

238.102 

47 

R 

26 

239.703 

245.301 

48 

D 

37 

244.301 

248.000 

49 

R 

22 

252.102 

257.402 

50 

D 

40 

254.301 

258.203 

51 

0 

52 

R 

35 

263.801 

269.801 

53 

D 

40 

264.402 

268.402 

54 

D 

35 

274.500 

278.602 

55 

R 

32 

275.602 

284.602 

Figure  12 (normalized) 
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SCAN  DATA  MENU:  Option  1  Continued 


Do  you  want  to  have  an  K~Y  PLOT  of  the  above  TABLE? 
[Scan  Nunber  vs.  Nunber  of  Detects^  by  SENSOR] 

1)  Plot  ALL  SENSOR  Data  Together  on  ONE  Plot 

2)  Plot  EACH  SENSOR'S  Data  On  a  SEPARATE  Plot 

3)  Continue  On 

Figure  13 


Choice  1  from  the  menu  of  Figure  13  is  made  which  results 
in  the  display  on  the  next  page  (Figure  14). 

From  this  display,  the  LineEdit  button  is  clicked.  This 
will  result  in  related  points  being  connected  by  line  segments 
(Figure  15) . 

To  obtain  the  plot  of  Figure  15  (page  A-10)  as  the  HARO 
COPY  which  has  been  inserted  into  this  document,  the  Options 
button  on  the  top  panel  of  Figure  14  is  clicked  on  yielding  the 
display  of  Figure  16  (page  A-11). 

Next,  the  Make  postscript  plot  of  Figure  16  button  is 
clicked  on  yielding  the  display  of  Figure  17  (page  A-11).  The 
User  may  choose  from  this  display  either 

Write  to  file 

OR 

Send  to  printer. 


A-8 


9 


Scari  NirfiiSf 


Number  of  Detects 


SCAN  DATA  MENU:  Option  1  Continued 


/fUMBER  OF  DETECTIONS  BY  SCAN  NUMBER 

RED  IS  REMSEN  AND  GREEN  IS  DANSVILLE 
•o  ' 


Figure  15 


A-10 


After  clicking  on  the  Exit  button  on  the  top  panel  of 
the  XGobi  graphics  display  (Figure  14  on  page  A-9),  the  menu 
of  Figure  18  will  reappear. 

Choosing  Option  2  will  result  in  the  plots  on  the  next 

page 

(Figures  19  and  20) 
being  drawn  one  after  the  other. 

Choosing  Option  3  will  return  the  User  to  the  SCAN  DATA 

MENU 

(Figure  21  on  page  A-13). 


9|C  y  :3|( :]|(  V  ^  3|t:3|C:0|C  ]|C  Y :3|C  V  dC  V  3|C:  V  V:  9  9|C;  3|C  ^ 

Do  you  want  to  have  an  X-Y  PLOT  of  the  above  TABLE? 
[Scan  Nixnber  vs.  Number  of  Detects,  by  SENSOR] 

1)  Plot  ALL  SENSOR  Data  Together  on  ONE  Plot 

2)  Plot  EACH  SENSOR'S  Data  On  a  SEPARATE  Plot 

3)  Continue  On  _ _ 

2  Figure  18 

A-11 


Number  of  Detects 


SCAN  DATA  MENU 


SCAH  DATA  MEfOT?  ^  ^  ^  ^ 

:■  1.  TABULAft  Olsala^  of  Scan  Wunber.  Location,  ff  of  Detects. ...Time  . Intyifal 
1  2.  TABULAR  Display  of  Tarqet  ID  (IFF)  and  Number  of  Detects  per  ID  1 
’  'J,  MLUl  'ALL  }jUWr'(i'^i5a^  lai,  lonb,  "aflT) 

4,  SCAH  PtOT  of  (timo,  lat,  long,  alt,)  data 

5.  TARGET  10  PLOT  of  (tfme,  lat>  long,  alt.)  data 

6,  TRANSFER  To  Track  Data  MENU 

7.  QUIT 


SCAH  DATA  pTot  CHOICES  2 

Number  ot  Detects 


Target  ID  <IPFy 

88  19 

112  13 

117  4 

139  2 

149  11 

161  24 

193  1 

204  18 

299  4 

300  IS 

321  24 

427  5 

623  44 

640  221 

642  40 

705  40 

837  1 

871  29 

883  23 

916  6 

980  IS 

loss  33 

1068  2 

1073  37 

1085  6 

1162  2 

1163  32 

1164  35 

1183  33 

1215  1 

1521  39 

1530  3 

1557  32 

1692  11 

1762  27 

1764  1 

1778  38 

1800  25 

1813  43 

1895  35 

1940  39 

2059  43 

2089  40 

2109  2 

2111  31 

2127  15 

2133  35 

2142  12 

2373  9 

2438  11 

2494  36 

2805  15 

2810  48 

2891  25 

2900  49 

2931  11 

3019  40 

3050  2 

3051  42 

3089  33 

3255  11 

3478  43 

3482  45 

3501  24 

3812  33 

3877  26 

3887  33 

*••**•*«*****«**********«****«*♦*«*«************** 

Do  you  want  to  have  a  HARD  COPT  of  the  above  TABLE? 

1)  TBS 

2)  NO 


Choosing  Option  2 
from  the  SCAN  DATA  MENU 
of  Figure  21  will  yield 
the  display  of  the  Tedile 
of  Figure  22: 


Figure  22 


IFU 


SCAN  DATA  MEHO;  Option  3  I 


SCAN  DATA  MENU: 

U  TABULAR  OispUy  of  Scan  Number,  Location,  #  of  Detects,  Time  Interval 
2«  TABULAR  Displau  of  Target  ID  (IFF)  and  Nunber  of  Detects  per  ID 
i3.  i^LQT  ALL  SCANS  (time,  lat.  long,  alt.yt 

4,  SCAN  PLOT  of  (time,  lat,  long,  alt.)  data 

5,  TARGET  ID  PLOT  of  (time,  lat,  long,  alt.)  data 

6,  TRANSFER  To  Track  Data  MENU 

1,  quiT 


SCAN  DATA  plot  CHOICE:  3 


Figure  23 


SENSOR  Display  Submenu: 

1.  PLOT  Location  of  DansviHe  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice;  3 _ 


figure  24 


Option  3  from  the  SCAN  DATA  MENU  (Figure  23)  results  in  a 
plot  of  all  Detections  which  were  input  into  the  Algorithm. 
Initially,  Option  3  will  result  in  a  plot  of  Detect  Longitude 
vs.  Time.  Plotting  Sensor  Location  is  determined  by  the  Submenu 
of  Figure  24. 

The  display  of  Figure  25  (page  A-15)  was  obtained  by 

clicking  the  left  mouse  button  on  the  circle  below  the  words . 

Detect  Longitude  lDea.A  and 

clicking  the  middle  mouse  button  on  the  circle  below  the  words 

Detect  Latitude  (Deq.)» 


The  plotting  window  of  this  display  has  an  Aspect  Ratio  of 
1:1.  The  plot  of  the  data  was  forced  to  correspond  to  this 
Aspect  Ratio  by  adding  two  "dummy"  points  at  the  end  of  the  data 
file  which  is  being  plotted.  The  sole  purpose  of  these  points 
is  to  scale  the  axes.  In  order  to  UNDO  this  effect  and  "blow 
up"  the  plot  to  correspond  to  only  those  data  ^ints  originally 
requested  by  the  User,  a  "cookbook  procedure"  is  always  written 
to  the  UNIX  shell  from  which  the  code  was  initially  invoked 
(Figure  26  below).  This  procedure  will  be  enumerated  only  once 
below  but  referred  to  later  throughout  this  document. 


*****»*******#***4»*)>j»i»*#*##****<t**#**#***«***)|ti(;«**»**#* 

In  order  to  'ZOOM  IN'  on  the  data  (disregard  the  Aspect  Ratio): 

1.  Click  on  the  'Options'  button, 

2.  When  the  'Options'  menu  appears,  click  on  the  'Subset  data'  button. 

3.  When  the  'Subset  data'  menu  appears,  click  on  the  'Consec.  block'  button 
and  subtract  2  from  the  'to  row'  value  for  the  'Aspect  Ratio'  points 
and  subtract  I  from  the  'to  row'  value  for  EACH  SENSOR  Location  plotted. 

4.  Click  on  the  'Rescale  when  subsetting  button' 

5.  Click  on  the  'Subset  the  data'  button. 

A-14 


scM  da3;a  mmt 

Option  3 


wK: 

u. 


g: 


ixr 


[Aspect  Ratio  REMOVAL  ~  "Cookbook  Procedure” 

t*$$$t************************************-*^************ 

In  order  to  ''ZOOM  IN'  on  the  data:  (disregard  Aspect  Ratio): 

1,  Click  on  the  'Options'  button. 

2*  When  the  'Options'  menu  appears,  click  on  the  'Subset  data'  button. 

3.  ihen  the  'Subset  data'  menu  appears,  click  on  the  'Consec.  block'  button 
and  subtract  2  from  the  'to  row'  value  for  the  'Aspect  Ratio'  points 

.  and  subtract  I  from  the  'to  row'  value  for  EACH  SENSOR  Location  plotted. 

4.  Click  on  the  'Rescale  when  subsetting  button'. 

5.  Click  on  the  'Subset  the  data'  button. 

S***********************)*****#************************* 

*4(»«*#»«*#**#**J|i«4l#4l»4l»)»#*J»»J»»#***»**»*»***#»#*«*****»4t 

Figure  26  (repeated) 

["Cookbook  Procedure"] 


Step  1  yields  the  display  of  Figure  27. 

Step  2  yields  the  display  of  Figure  28. 

Steps  3,  4,  and  5  yield  the  displays  of  Figure  29  and  the 
plot  of  Figure  31  on  page  A-18.  Contrast  this  with  the  original 
plot  of  Figure  30  on  page  A-17.  (Both  of  these  plots  were 
obtained  via  the  Hake  postscript  plot  button  of  Figure  16  on 
page  A-11.)  _ _ _ _ 
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Figure  27 
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Detect  Latitude  (Deg.) 


Aspect  Ratio  REMOVAL 
"Cookbook  Procedure"  Continued 


piSPLAY  OF  ALL  DETECTIONS 
^(Red  is  DANSVILLE,  Green  is  REMSEN) 


Figure  30 


A-17 


Detect  Latitude  (Deg.) 


Aspect  Ratio  REMOVAL 
"Cookbook  Procedure" 


piSPLAY  OF  ALL  DETECTIONS 
,(Red  is  DANSVILLE,  Green  is  REMSEN) 


Figure  31 
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SCAN  DATA  MENU;  Option  4 


SCAN  DATA  MENU: 

1.  TABULAR  Display  of  Scan  Number,  Location,  #  of  Detects,  Time  Interval 

2.  TABULAR  Display  of  Target  ID  (IFF)  and  Number  of  Detects  per  ID 

3.  PLOT  ALL  SCANS  (time.  tat>  long,  alt.) 

i 4,  SCAN  PLOT  of  (time,  lat,  loner,  alt.)  datal 
's.  TAfifigT : ID'  PLOT  of  Ut,  long,  alt-T  data 

.  6.  TRANSFER  To  Track  Data  MENU 
■:7.  QUIT:-<.; 


SCAN  DATA -plot  CILICE:  3 


Figure  32 


SENSOR  Display  Submenu: 

K  PLOT  Location  of  Dansville  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice;  3 

Figure  24  -  Repeated 


INPUT  Scan  NUMBER  to  be  Viewed:  1 

Figure  33 


SCAN  DATA  MENU  Option  4  (Figure  32)  leads  to  the  INPUTS  of 
Figures  24  and  33  and  then  yields  the  Latitude-Longitude  plot  of 
Figure  34  (default  -  uses  Aspect  Ratio)  and  "blown  up"  plot  of 
Figure  35.  [The  XGobi  Identify  button  (see  Fi^re  14  on  page  A-9) 
has  also  been  clicked  on  to  identify  the  locations  of  the  two 
sensors . ] 


A-19 


Meet  Latitude  (Deg.)  Detect  Latitude  (Deg) 


Figure  34 


JSCAN  1  DETECTIONS  (ALL  SENSORS) 


Figure  35 
A~20 


SCAN  DATA  MENU:  Option  5 


SCAN  DATA  MENU; 
I. 


lATA  MENU; 

TABULAR)  Display  of  Sciri  Number,  Lobafion^  #  of  Detects,  Tiros  Interval 
iftntti  kn  — 1-..  if-_ — j.  /tees  —  „j(f  Oetepts  per  - 


I  5.  TARGET  ID  PLOT  of  (tiros,  lat,  Iona,  alt.)  datal 
g.  tl?ANSf'iJ  t b  track 'fiata  teii"*^ 

7.  QUIT  \ 


SCAN  DATA  plot  CHOICE;  5 


Figure  36 


SENSOR  Display  Submenu: 

1.  PLOT  Location  of  Dansville  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice:  3 


Figure  24  -  Repeated 


j(( « l«(  IK  3ic ^  e  Ilcilc «« 9|c ««:«( 3|(  *  Ifc  ***  e  3tc  e  IK  ««««««« ^  « 

INPUT  Target  ID  (iff)  NUMBER  to  be  Viewed:  1521 

ift**7liiiieift*****-*i**************************************'**** 


Figure  37 


SCAN  DAXA  MENU  Option  5  poses  the  question  of  Figures  24 
and  37  and  then  yields  the  Latitude-Longitude  plot  of  Figure  38 
(default  -  uses  Aspect  Ratio)  and  "blown  up"  plot  of  Figure  39. 
Figure  40  is  the  plot  which  results  when  the  response  to  the 
Submenu  of  Figure  24  -  Repeated  is 

4.  DO  NOT  PLOT  Locations  of  ALL  Sensors 

[The  XGobi  Identify  button  has  also  been  clicked  on  to  identify 
the  locations  of  the  two  sensors  for  Figures  38  and  39.] 


Finally,  Options  6  and  7  transfer  control  within  the  post 
processor  program  to  either  the  Computed  Track  Data  MENU  or  to 
EXIT. 
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SCAN  DATA  MENU:  Option  5 


Continued 

■ 


DETECTIONS  FOR  TARGET  ID  1321 


Detect  Latitude  (Deg.) 

42.0  42.1  42.2 


SCAN  DATA  MENU:  Option  5  Continued 


^SENSOR  Display  Subraenyi  '  — 

•  i*  PLOT  Ldcatiofi  Df  Daiisuills  ONLY 
.  2.  PLOT  Location  of  Reinsen  ONLY 

3.  ..PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR i  Display  Sutanu  Oho Ice?  4 

Figure  24  -  Repeated 


PETECTIONS  FOR  TARGET  ID  1521 


^Sensor  D,  Scan  54,  Detect  22 

s 


•  % 


^Sensor  D,  Scan  42,  Detect  19 
*  '^Sensor  R,  Scan  38,  Detect  6 


# 

•^Sensor  R,  Scan  1 8,  Detect  5 


/ 


-76.4 


-76.2 


— I — 
-76.0 


-75.8 


Detect  Longitude  (Deg.) 


— I 
-75.6 


Figure  40 
A-23 


TRACK  DISPLAY 


COMPUTED  DATA  DISPLAY 


Choose  the  DATA  to  be  Examined; 

1 .  SCAN  Data 

2.  Track  Data 

3.  QUIT 

DATA  CHOICE:  2 

Figure  41 


The  COMPUTED  Data  Set  Colwn  HEAOfNBS  ARE: 

8)  Track  Time  (seconds) 

-vT^ki  fkiiiber^^,  :■ ; 

■^^:;'2):^  Scan-  Numfaa" "  .■  '  ^  "ii#; :-:V?v  ;; 

3)  Detect  #  Within  Scan 
•.v-4)'"  iabestA^ocJetBCt.Longf^ 

S)  UtestAssoc.Detect  Ut. 

;v  6)  •  LatestAssffi  JetBCt  Alt^' ^ - 

I)  TRACK  Longitude  (Oeq.)  •' 

8}  •  TRACK  Utrtude  (Deg. )  ■v^  .i- >  ■ 

•  9)' .  TRACK  Altitude  (km) 

:l8)':'Vel.  Due  itorth  (kin/s)^'  ^ 

II)  ■'  VeT  ■  Due  East  (knv^)  ' 

T2)  Vertical  Ve1..Up-.(kia/s)^-^--v>.::;^^^ 

13)  Velocitu  Magnitude 
W)  Cost 

15)  Target  ID 

16)  TRACK  Cov.  dueNorth  (km) 

17)  TRACK  Cov.  due  East  (km) 

18)  TRACK  Cov,  Up  (kai) 

19)  TRACK  Cov.  NE  (km) 

28)  TRACK  Cov.  N  UP  (km) 

21)  TRACK  Cov.  E  UP  (km) 

The  variable(s)  to  be  identified:  Detection  #  Within  Scan 


[There  should  be  I  integer  inputs,] 

[Choose  the  column  number  from  the  above  list  which  corresponds  to  the  above  named  variable(s).] 
[INPUT  a  -1  if  there  is  no  data  which  corresponds  to  this  variable(s).] 

Figure  42 
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Figure  43 
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[There  should  be  4  integer  Inputs.] 

[Choose  the  column  number  from  the  above  list  which  corresponds  to  the  above  named  variablb(8) 
[INPUT  a  -1  if  there  is  no  data  which  corresponds  to  this  variab1e(s).] 


TRACK  DATA  MENU;  Option  0 

The  largest  part  of  the  post-processing  code  is  to  display 
data  which  has  been  generated  by  the  Algorithm  in  question.  To 
reach  these  Options,  invoke  the  program  and  choose 
2.  Track  Data  from  the  menu  of  Figure  41  (page  A-24). 

What  appears  next  is  a  list  of  variables  which  have  been 
saved  by  the  running  of  the  Algorithm  and  a  request  of  the  User 
to  identify  a  particular  variable  needed  for  the  various 
statistical  computations  and  plots  (Exeunples  -  Figure  42  on  page 
A-24  and  Figure  43  on  page  A-25).  The  variable(s)  to  be 
identified  is (are)  described  and  the  User  is  told  how  many 
inputs  are  needed.  As  with  the  SCAN  data,  if  a  requested 
variable  is  not  available,  a  -1  should  be  input.  [Later  on  when 
the  User  tries  to  exercise  a  particular  Option,  there  exists  the 
logic  to  test  whether  or  not  data  is  available  for  that 
particular  Option  and  to  print  out  an  error  message  if  the  User 
chooses  an  Option  for  which  data  is  unavailable . ] 

Figure  44  below,  the  Track  Data  Menu,  then  offers  the  User 
a  choice  of  Options. 

Option  0.  PLOT  Tracks  is  chosen  and  the  "Submenu"  is 
displayed.  Figure  45  on  the  next  page  illustrates  this  Submenu 
and  the  error  message  which  occurs  if  the  User  responds 
incorrectly . 

The  User  is  then  asked  whether  or  not  the  Sensor  locations 
should  be  plotted  (Figure  24  -  Repeated  on  page  A-27). 

1.  Plot  ALL  Tracks  is  chosen.  This  will  result  initially 
in  a  plot  of  Longitude  vs.  Track  Time  (Figure  46  on  page  A-28 
and  Figure  46 (normalized)  on  page  A-29).  [The  Identify  button 
has  been  clicked  on  to  label  Sensor  locations.] 


Figure  47  on  page  A-28  and  Figure  47 (normalized)  are  plots 
of  Latitude  vs.  Longitude  with  the  Aspect  Ratio  points  removed 
from  the  plotting  data  set  (see  pages  A-14  to  A-18). 

Track  Data  MENU  2: 

I  6.  Rff  TrickTI . 

1.  Output  Tables  by  Track  Numbers  containing  Number  of  Associated  Detections  and: 

a.  Minimum  time  and  Maximum  time 

b.  .  Range  of  Track  Coordinates 

2.  PLOT  One  Track  .  . 

3.  PLOT  One  Track  and  Associated  Detections 

. 4. ...  PLOT  -  Assoc  1  at  1  on .  Cost .  .  . 

5.  COMPUTE  TABULAR  Sumiary  of  Innovation  (Detections  -  Track)  along  with  corresponding  plot. 

6.  OUTPUT  a  Table  of  Target  ID  vs.  Associated  Tracks 

7.  PLOT  Track  Covariances  vs.  Time 

8.  PLOT  Covariance  Ellipses  for  Detections  vs.  Tracks 

9.  PRINT  OUT  (by  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track 

10.  PLOT  ALL  Track  Po 1 nts  Correspond 1 ng  to  a  Particular  Target  ID 

11.  PLOT  Velocity  fay  Track 

12.  TRANSFER  to  Scan  Data  Menu 

13.  QUIT  Figure  44 

MENU  Choice:  0  • — - 
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TRACK  DATA  MENU:  Option  0  Continued 


PLOT  Tracks  Submenu:  Option  1 


PLOT.  Tracks  Subnenu: 

I..-  Plot  ALL  Tracks 

2«  Plot  all  tracks  within  a  specified  (Long,,  Lat.,  Alt.)  Window 

3.  Plot  all  tracks  within  a  specified  TIME  Window 

4.  Plot  SPECIFIC  Tracks 
PLOT  Tracks  Sutsmenu  Choice;  0 

««»»»:»«*»«»«««««*»  ««»«3K««**»««*«*«*««**«****««*«:|c:k»*«*« 

ERROR  in  Data  INPUT; 

INPUTTED  Value:  8 

[I  or  2. or  3  or  4  are  the  onlu  acceptable  values.] 

Please  Try  AGAIN. 

■mfimt**if***it**^**t*%**t*%**t*'***********t*i^************ 

PLOT  Tracks  Submenu: 

I  i, Plot  ALl  iracKs \ 

,2.  Plot  all  tracks  within  a  specified  (Long.,  Lat.,  Alt.)  Window 

3.  Plot  all  tracks  within  a  specified  TIME  Window 

4.  Plot  SPECIFIC  Tracks 
PLOT  Tracks  Submenu  Choice:  1 

Figure  45 


SENSOR  Display  Submenu: 

1.  PLOT  Location  of  Dansville  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice:  3 

Figure  24  -  Repeated 
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Longitude  (Deg.) 


TRACK  DATA  MENU:  Option  0 


PLOT  Tracks  Submenu 


lAi.ui.umi 


DISPLAY  OF  ALL  COMPUTED  TRACKS 


**••#•»«•••**** 


/^EMSEN 


hsz  ?  i  f  '5'p1t2  5  iili  i  J 

•  •  .  n  ♦  ♦  ^ 


JDANSVILLE 


Piaura  46 


6.15e-i>04  6.iee+04  6.170+04  6.180+04 

Track  Timo  (ooconds) 


-78 

-77  -76 

-75 

Fioure  47 

Longitude  <Oeg.) 

Longitude  (Deg.) 


TRACK  DATA  MENU:  Option  0 


PLOT  Tracks  Submenu 


DISPLAY  OF  ALL  COMPUTED  TRACKS 
;riME  NORMALIZATION  =  61499.888  SECONDS 


**♦»•••* 

I  ’.W.a 


JIEMSEN 

[  4  S' A 


^ANSVILLE 


,  XrackTIme  (seconds) 

Fioure  46 (normalized) 
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TRACK  DATA  MENU:  Option  0  Continued 


PLOT  Tracks  Submenu:  Option  21 


Track  Data  MENS  2;  . 

18.  Pl.m‘"Tr{liTO 

1.  Output  Tables  by  Track  Numbers  contaltili^  Number  of  Associated  Detections  and: 

a.  Minimum  time  arKi  Maniinum  time 

b.  Ran^  of  Track  Coordinates 

2.  PLOT  One  Track 

3.  PLOT  One  Track  and  Associated  Oetectlom 

4»  PLOT  Aaswiation  Cost  ^  , 

5.  COMPUTE  TABULAR  Swnwry  of  Innovation  (Detections  -  Track)  along  with  corresponding  plot. 
B.  OUTPUT  a  Table  of  Target  ID  vs.  Associated  Tracks 
?.  PLOT  Trade  Covarianras  vs.  Tiire 

8.  PLOT  CowriancB  Ellipses  for  Detections  vs.  Trad» 

9.  PRINT  OUT  (by  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track 

19.  PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  10 
It.  PLOT  Velocity  by  Track 

IZ.  TRANSFER  to  Scan  Data  Menu 

13.  qUIT.  r~ - —1 

MENU  Choice:  8  |  Figure  48 1 

SENSOR  Display  Submenu; 

1.  PLOT  location  of  Dansvilie  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice:  3 

Figure  24  -  Repeated 

PLOT • Tracks" Submenu : 

1  Plot  ALL  Tr'scks 

I  2.  Plot  an  tracks  utlthin  a  specified  (Long..  Lat..  Alt.)  Windoy I 

3.  Plot  all  tracks  within  a  specified  TIME  Window 

4.  Plot  SPECIFIC  Tracks 
PLOT  Tracks  Submenu  Choice:  2 

Figure  49 

Option  2  of  the  PLOT  Tracks  Submenu  allows  the  User  to 
specify  a  range  of  Longitude,  Latitude,  and  Altitude  in  which 
he/she  would  like  to  see  a  display  of  all  calculated  Tracks 
(Figure  50  on  page  A-31). 

The  initial  plot  which  results  from  these  inputs  is  a  plot 
of  Longitude  vs.  Track  Time  (Figure  51  on  page  A-31  or 
Figure  51 (normalized)  on  page  A-32). 

The  Latitude  vs.  Longitude  plots  for  this  case  are 
Figure  52  on  page  A-33  and  Figure  53  (with  Aspect  Ratio  points 
removed  from  the  plotting)  on  page  A-33. 
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tracks  within  a  certain  geometric  Window  are  to  be  plotted. 
MINIMUM  and  MAXIMUM  values  for  Longitude  <Deg.): 

ALL -fr^^  within  a  certain  geometric  Window  are  to  be  plotted. 
INPUT  MINIMUM  and  MAXIMUM  values  for  Latitude  (Deg.): 

43  44 

«'3K]|r*««f«»4c«*«3«c*«  ««««♦«  »«««*«♦****«  «*«***t*««««*****«4i«« 

» IK « f  f  3K « 4( « j|t « i(e ««# 3K  «#;)(»*  :K  *  f  IK*#* 3K  ««« It  V  * **#** 4<  *  * 

ALL  Tracks  within  a  certain  geometric  Window  are  to  be  plotted. 
INPUT  MINIMUM  and  MAXIMUM  values  for  Altitude  (km)  : 

8  480 

•  ««*«*«««#«*#«*««*««*«  «*««*« 


Figura  50 


[Initial  Longitude  vs.  Tiiae  Plot] 
A-31 


Longitude  (Deg.) 


TRACK  DATA  MENU;  Option  0  Continued 
PLOT  Tracks  Submenu »  Option  2  -  Continued 


^LOT  ALL  TRACKS  WITHIN  A  SPECIFIED  (LONG.,  LAT.,  ALT.)  WINDOW 
>.ONG.=(-77to-76),  LAT. =(43  to  44),  ALT.=(0  to  400) 

JIME  NORMALIZATION  =  61499.898  SECONDS 


Figure  51 (normalized) 
[Initial  Longitude  vs.  Time  Plot] 
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Latitude  (Deg.)  |  LaiKude  (Deg.) 


[Latltuda  vs.  Longitude  Plot] 


/>LOT  ALL  TRACKS  WITHIN  A  SPECIFIED  (LONG.,  LAT..  ALT.)  WINDOW 
^ONG.=(-77  to -76).  LAT .=(43  to  44),  ALT.=(0  to  400) 


Lon^i^ude 

[Latitude  vs.  Longitude  Plot] 
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1.  Output  Tables  by  Track  Numbers  containing  Number  of  Associated  Detections  and; 
a.  Hiniittun  time  and  l^ximum  time 


b.  Range  of  Track  Coordinates 

2.  PLOT  One  Track 

3.  PLOT  One  Track  and  Associated  Detections 

A.  PLOT  Association  Cost  ’  ^  . 

5.  COMPUTE  TABULAR  Suwaru  of  Innovation  (Detectitar®  -  Track)  along  with  corresponding  plot. 
8.  OUTPUT  a  Table  of  Target  ID  vs.  Associated  Tracks 

I.  PLOT  Track  Covariances  vs.  Time 

8,  PLOT  Covariance  Ellipses  for  Detections  vs.  Trades 

3,  PRINT  OUT  (by  time  tick)  Selected  Data  Correspwidirg  to  a  Particular  Track 

13.  PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  10 

II.  PUT  Velocity  by  Track 

12.  TRANSFER  to  Scan  Data  Menu 

13.  QUIT 
MENU  Choice:  3 

Figure  54 


PLOT  Tracks  Submenu; 

1.  Plot  ALL  Tracks 

2.  Plot  all  tracks  mithin  a  specified  (Long., 


Lat..^,  A1 1 . )  l4i  ndoui 


4.  Plot  SPECIFIC  Tracks 
PLOT  Tracks  Submenu  Choice: 


Figure  55 


♦  **Kt3»is)()i(#*****##itm(!(«nt^******3a#»##******»**5S*  *♦*****«#♦**» 

ALL  Tracks  within  a  certain  TIME  Window  are  to  be  plotted. 

INPUT  MINIMUM  and  MAXIMUM  values  for  this  TIME  WINDOW: 
61500  61600 

***#♦*♦♦♦♦**♦*♦♦♦♦♦♦♦♦♦***♦♦♦♦»»♦*******♦♦*♦*♦******♦** 

***♦♦♦♦♦♦*♦♦♦#***♦♦♦♦♦♦♦♦*#*♦♦*♦♦♦#***•**♦*♦♦♦♦**##***♦ 


Figure  56 _ _ _ _ 

Option  3  of  the  PLOT  Tracks  Submenu  (Figure  55)  allows  the 
User  to  specify  a  range  of  Time  in  which  he/she  would  like  to 
see  a  display  of  all  calculated  Tracks  which  were  active  during 
that  range  of  time (Figure  56). 

The  initial  plot  which  results  from  these  inputs  is  a  plot 
of  Longitude  vs.  Track  Time,  Figure  57  on  page  A-31  or 
Figure  57 (normalized)  on  page  A-32.  This  latter  plot  has  Track 
points  connected  and  Figure  59  on  page  A— 31  illustrates  the 
times  which  were  input  by  the  User  to  generate  this  plot. 

A  Latitude  vs.  Longitude  plot  for  this  case,  with  Aspect 
Ratio  points  removed  from  the  plotting,  is  Figure  58  on  page 
A-31.  _ 
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TRACK  DATA  MENU;  Option  OC^tinued 

PLOT  Tracks  Submenu;  Option  3  —  Caafciailgd 


/•LOT  ALL  TRACKS  WITHIN  A  SPECIFIED  TIME  WINDOW 
;riME  BOUNDS  ::  (61500  to  61600)  seconds 


I _ Figure  57  (seconds) _ 

[Initial  Longitude  vs.  Time  Plot] _ 

/•LOT  ALL  TRACKS  WrTHIN  A  SPECIFIED  TIME  WINDOW 
;riME  BOUNDS  s  (61500  to  61600)  seconds 


Figure  58 _ Longitude  (Deg.) _ 

[Latitude  vs.  Longitude  Plot  -  Aspect  Ratio  Points  REMOVED] 
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PLOT  Tracks  Submenu 


##  #*  #*  ###!*)>%###*****  i#!  ** 

^tL  Tracks  within  a  certain  TINE  ^^Inciow  are  to  be  plotted, 

♦###*♦♦#♦♦:**♦*###*♦♦**»*:♦**##**♦**»»♦:♦  ♦lit*#*#  ♦♦JjtC***#*## 
4i**3ie#***##*****»**3»«####*******»****************^****** 

Figure  59 


/LOT  ALL  TRACKS  WITHIN  A  SPECIFIED  TIME  WINDOW 
7IME  BOUNDS  =  (0  to  100)  seconds 

TIME  NORMALIZATION  =  61499.898  SECONDS 


/ANSVILLE 


80  100 


Track  Time  (seconds) 


Figure  57 (normalized) 

[Initial  Longitude  vs.  Time  Plot] 
{Individual  Track  Points  are  Connected} 
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a*- 


TRACK  DATA  MENU:  Option  0  gQBtJ 
PLOT  Tracks  Submenu:  Option  4 


Tp8,c1(  OaU  MEIW  2; 


Output  Tables  by  Track  Nuitbers  contalrtlf^  Number  of  Associated  Detections  and: 

a.  Minfimn  time  and  Haximua  tins 

b.  Range  of  Track  Coordinates 
PLOT  One  Track 

PLOT  One  Track  and  Associated  Detections 
PLOT  Association  Cost 

ODMPUTE  T/^ULAR  Summary  of  Innovation  (Oetections  -  Track)  alony  initb  corresponding  plot. 

OUTPUT  a  Table  of  Target  ID  vs.  Associated  Tracks 

PLOT  Traidc  Covariaroes  vs.  Time 

PLOT  Covariance  Ellipses  for  Itetections  vs.  Tracks 

PRINT  OUT  (by  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track 

PLOT  ALL  Track  Points  Corrssponding  to  a  Particular  Target  10 

PLOT  Velocity  by  Track 

TRANSFER  to  Scan  Data  Menu 


Choice: 


iFiguire  60 


PLOT  Tracks  Submenu: 

Plot.  ALL  Tpscks 

2.  Plot  all  tracks  within  a  specified  (Long.>  Lat.,  Alt.)  Window 

3.  Plot  gjl  tracks  within  a  specified  TIME  Window 


Plot  SPEC 
Tracks  Suk 


racks 

ihoice: 


iFlgure  6l| 


SENSOR  Display  Submenu: 

1.  PLOT  Location  of  Dansville  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice:  3 

I  Figure  24  -  Repeated 

INPUT  the  Track  Numbers  to  be  displayed  (one  nunber  per  line) 
[TERMINATE  Data  Entry  with  a  zero] 


Again,  the  first  plot  which  occurs  as  a  result  of  these 
INPUTS  is  that  of  Figure  63  on  the  next  page  (or  Figure 
63 (normalized)  on  page  A-39).  The  ASPECT  RATIO  scaling  points 
are  removed  and  the  axes  are  changed  to  "Longitude”  and 
"Latitude"  in  order  to  obtain  the  plot  of  Figure  64. _ 
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Latitude  (Deg.)  Longlude  (Deg.) 


TRACK  DATA  MENU;  Option  0 


PLOT  Tracks  Submenu:  Option  4  — 


piSPLAY  OF  SPECIFIC  COMPUTED  TRACKS 
TRACKS  21,70,  and  105 


pEMSEN 


pANSVILLE 


6.15e-i^4 


6.16e-i>04 


6.170-4^4 


6.180^4 


Fioure  63  _ Track  Tima  (saconds) 


:nitial  Longitude  vs.  Time  Plot] 


Longitude  (Deg.) 


TRACK  DATA  MENU;  Option  0  Continued 
[plot  Tracks  Submenu:  Option  4  -  Continued 


piSPLAY  OF  SPECIFIC  COMPLTTED  TFIACKS 
JRACKS  21,70,  and  105 


Figure  63 (normalized) 
[Initial  Longitude  vs.  Time  Plot] 
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Latitude  (Deg.) 


TRACK  DATA  HBNU: 

Option  0 

E!WCHTBB»1 

PLOT  Tracks  Submenu: 

Option  4 

Figura  66  is  a  repeat  of  Figure  64  on  page  A-38  with  the 
Aspect  Ratio  Points  removed.  The  subset  data  menu  used  to 
remove  the  Points  is  shown  as  Figure  65. 


Figure  65 


piSPLAY  OF  SPECIFIC  COMPUTED  TRACKS 
J^RACKS  21,70,  and  105 


REMSEN 
Track  2l 


\ 


Jrack105 
Track  70 


(O 

CNJ 


JDANSVILLE 


-78 


-77 


— I — 

-76 


— I 

-75 


Longitude  (Deg.) 


[Latitude  vs< 


Figure  66 

Longitude  Plot  Aspect  Ratio  Points  REMOVED] 
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TRACK  DATA  MENU:  Option  1 


L  Output  T^las  by  Track  Nunbers  contalnlr^  Nui^  of  Associated  Detections  and: 
a.  Mlnliwm  time  and  ManluMR  time 

l::i2^i;;:i;;iLQTt0l»ei:^^  .:s::Jfei>-x<;::':;:i:;M';;:-i5--:c::l:i#  ■■■Ci0k}- ' 

3.  PLOT  One  Track  arwl  Associated  ttetectlons 

4.  PLOT  Aasoslation  Cost 

5.  COMPUTE  TABULAR  ainmary  of  Innovation  (Detections  -  Trad<)  alor^  ulth  correspondlr^  plot. 
::#|;A|f|jTl^^^b|^iil|ar|et.1p.;!^:i:|A^5oc1ated'i^ 

,’■;  iii||Pi:P?OP^iahce;M  .for'Se^ectlwiis--  ys/T^k^f  11®^ 

9.  PRIKT  OUT  (by  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track 
IB.  PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  ID 

:i:;|lM;:PL0T-!yd1^  ' ' 

12.  TRANSreR  to  Scan  Data  Menu 

iliiiiiiiiiiiiiiiiM^^^ 

MENU  GioIcb;  I 

Figure  67 


If  the  User  chooses  Option  1.  from  the  menu  above,  a  Table 
will  be  output  which  summarizes  the  Track  data  by  Track  Number. 
The  Track  Number  and  number  of  Associated  Detects  will  be  output 
followed  by  eight  columns: 

1.  Minimum  and  Maximum  time  for  each  Track. 

2.  Minimum  and  Maximum  Longitude  for  each  Track. 

3.  Minimum  and  Maximum  Latitude  for  each  Track. 

4.  Minimum  and  Maximum  Altitude  for  each  Track 

(Figure  69  on  page  A-42) 
and 

(Figure  69 (normalized)  on  page  A-43) 

After  the  Table  is  displayed  in  the  User's  shell,  the 
following  question  (Figure  68)  will  be  posed  to  offer  the  User  a 
chance  to  obtain  a  HARD  COPT  of  the  Table: 

Do  you  want  to  have  a  HARD  COPY  of  the  above  TABLE? 

1)  YES 

2)  NO  [or  push  <Enter>  TWO  TIMES] 

Figure  68 
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TRACK  DATA  MENU:  Option  1  Continued 


#  of 

Time 

Longitude 

Latitude 

Altitude 

Track  Assoc.  (Seconds) 

(Degrees) 

( Degrees ) 

( kilometers ) 

# 

Detects  MINe 

MAX* 

MIH* 

MAX. 

MIN. 

MAX. 

MXM. 

MAA. 

1 

35 

61499o9 

61775*5 

"76*04 

-75*33 

41.80 

42.05 

9*87 

9.95 

2 

40 

61500*3 

61778*5 

-76*81 

-76*37 

41*69 

41.79 

5*33 

5.34 

3 

43 

61500*3 

61777*4 

-76*05 

-75*74 

42.69 

42c71 

7*16 

7  *  16 

4 

15 

61500*3 

61777*0 

-75*73 

-75*60 

42.89 

42*97 

1*10 

1 . 16 

5 

29 

61500.3 

61729.1 

-77*19 

-76.63 

41.87 

41.97 

10.49 

10.52 

6 

43 

61500*6 

61777*3 

-77.27 

-76*53 

42.29 

42*52 

9*29 

9.30 

7 

40 

61500*6 

61777*4 

-76*92 

-76*20 

41.96 

42.18 

9.90 

9*91 

8 

1 

61500*7 

61500*7 

-76*37 

-76.37 

42.53 

42.53 

9.91 

9.91 

9 

32 

61500*7 

61765*5 

-77*32 

-77*02 

42*08 

42.25 

4.57 

4.61 

10 

45 

61500*9 

61777*4 

-76.63 

-76.32 

42*68 

42.71 

1*28 

1*95 

11 

1 

61500.9 

61500*9 

-77.33 

-77*33 

42.11 

42.11 

6.58 

6*58 

12 

17 

61500*9 

61777.8 

-76.32 

-76*13 

42.89 

42.91 

0.30 

0.40 

13 

33 

61501*4 

61776*0 

-77*26 

-76*86 

42.79 

42.79 

3.41 

3.41 

14 

15 

61501.4 

61776*4 

-76.03 

-75.75 

42.94 

43.09 

0*33 

2.77 

15 

31 

61501.7 

61774*5 

-77*59 

-77.39 

42.94 

43.13 

0.21 

1  *25 

16 

36 

61501*6 

61777*8 

-76*22 

-76*02 

43.02 

43*19 

3.38 

3*72 

17 

38 

61501*7 

61776*3 

-76.39 

-76*14 

43.15 

43.17 

1*85 

1.90 

18 

33 

61501.8 

61775.6 

-77.45 

-77.05 

43.04 

43*06 

1.85 

2*47 

19 

36 

61501*8 

61777.1 

-75*70 

-75*40 

43*24 

43*30 

2*68 

3*74 

20 

1 

61501*8 

61501*8 

-75*95 

-75*95 

43*28 

43*28 

3*50 

3*50 

21 

8 

61501*8 

61609*3 

-75.53 

-75*46 

43.27 

43.32 

0*09 

0*52 

22 

40 

61502*9 

61775*6 

-77.02 

-76.80 

43*21 

43.26 

0.76 

0*83 

23 

10 

61503*0 

61634*2 

-75.86 

-75.85 

43.32 

43*43 

1*71 

1*71 

24 

21 

61503*0 

61779*6 

-75.99 

-75*79 

43*48 

43*53 

0*79 

0*82 

25 

48 

61503*1 

61779.3 

-76*24 

-76*08 

43*41 

43*68 

2*25 

2*32 

26 

20 

61504*0 

61731*7 

-75*94 

-75.68 

43*39 

43*63 

1*37 

2.96 

27 

13 

61504*3 

61588.9 

-75.88 

-75*63 

44.08 

44*09 

4*27 

4*30 

28 

10 

61505*1 

61625.3 

-75*55 

-75.46 

44*61 

44.68 

1*95 

1*99 

29 

1 

61508*1 

61508*1 

-75*30 

-75.30 

44.76 

44.76 

8*69 

8.69 

30 

11 

61501.7 

61612*8 

-77.65 

-77.60 

43*16 

43*22 

0*12 

0*49 

31 

13 

61501*8 

61653*4 

-77*42 

-77*36 

43.99 

44*08 

0*34 

0*95 

32 

1 

61503*0 

61503.0 

-76*81 

-76.81 

43.21 

43*21 

13*56 

13  *  56 

33 

32 

61503*0 

61778*1 

-76*74 

-76.31 

43.18 

43*20 

0.52 

1  *  62 

34 

42 

61504*3 

61777*4 

-76.69 

-76.42 

42*41 

42*55 

4*41 

4*45 

35 

35 

61504*3 

61777*4 

-76*14 

-75.74 

42*26 

42*45 

6*19 

6*25 

36 

15 

61504*3 

61655*9 

-75.44 

-74*99 

42*30 

42*34 

9*87 

9*89 

37 

11 

61504.4 

61596*6 

-76.30 

-76.19 

42*31 

42.38 

0.98 

1.64 

38 

27 

61504*7 

61778*2 

-77.18 

-77*09 

42*27 

42*49 

0.70 

1.13 

39 

43 

61504*7 

61777*4 

-76*64 

-76.14 

42*14 

42.42 

10*57 

11*70 

40 

38 

61504*7 

61777*4 

-76*29 

-75*66 

41*95 

42.21 

10*51 

10*52 

41 

30 

61504*6 

61777*7 

-75.78 

-75*49 

41*80 

41.93 

3*17 

4*45 

42 

38 

61504.7 

61777*4 

-77.02 

-76.66 

42.20 

42.34 

5*94 

5*94 

43 

44 

61505.0 

61776.9 

-76*73 

-76*06 

41*66 

41.86 

9*75 

10*52 

44 

25 

61505*1 

61777.7 

-77*00 

-76*93 

42*19 

42.27 

0.49 

1.07 

45 

23 

61505*1 

61687.2 

-75*99 

-75*71 

41*28 

41*54 

5.30 

5.91 

46 

25 

61505*4 

61768.3 

-77.17 

-77.11 

42*17 

42*22 

0.40 

0.79 

47 

1 

61511.2 

61511.2 

-75*26 

-75.26 

41*38 

41*38 

5.46 

5.46 

48 

2 

61511.1 

61523.2 

-75*28 

-75.26 

42*06 

42.06 

2.47 

2.47 

49 

12 

61511*4 

61727.7 

-75*52 

-75*27 

42*09 

42.19 

2*44 

2  *  68 

50 

18 

61512.6 

61777.1 

-75.67 

-75.63 

43.03 

43.04 

0.39 

0.46 

51 

1 

61512.9 

61512.9 

-77.36 

-77.36 

42.10 

42.10 

6.58 

6.58 

52 

42 

61513*9 

61778.5 

-76.77 

-76.11 

43.21 

43.33 

13.56 

13 . 56 

53 

48 

61514.0 

61781.6 

-75.95 

-75.51 

43*30 

43.77 

3*72 

4*33 

54 

6 

61515.8 

61576.1 

-76.36 

-76.30 

44*13 

44*16 

1*55 

1*55 

55 

1 

61517.5 

61517.5 

-75*27 

-75*27 

44.77 

44*77 

8.69 

8*69 

56 

35 

61513.6 

61777*7 

-75.66 

-75.02 

43.05 

43.11 

10.51 

10*52 

57 

39 

61514.3 

61777.0 

-76.33 

-75.53 

42*51 

42*53 

9*90 

9.91 

58 

11 

61521.6 

61642.9 

-77.65 

-77.57 

44*09 

44*14 

0*25 

1*31 

59 

15 

61525.4 

61777*8 

-76.14 

-76.13 

42*86 

42*99 

0.30 

0*37 

60 

11 

61525.0 

61753.7 

-76.09 

-75*90 

43*04 

43*05 

0*53 

1*25 

Figure  69 
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TRACK  DATA  MENU:  Option  1 


Track 

#  of 
Assoc. 

Time 

( Seconds ) 

Longitude 
( Degrees ) 

Latitude 
( Degrees ) 

- - — 1 

Altitude 

(kilometers) 

#  Detects 

HIM. 

MAX. 

MIH. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

1 

35 

0.0 

275.6 

-76.04 

-75.33 

41.80 

42.05 

9.87 

9.95 

2 

40 

0.4 

278.6 

-76.81 

-76.37 

41.69 

41.79 

5.33 

5.34 

3 

43 

0.4 

277.5 

-76.05 

-75.74 

42.69 

42.71 

7.16 

7.16 

4 

15 

0.4 

277.1 

-75.73 

-75.60 

42.89 

42.97 

1.10 

1.16 

5 

29 

0.4 

229.2 

-77.19 

-76.63 

41.87 

41.97 

10.49 

10.52 

6 

43 

0.7 

277.4 

-77.27 

-76.53 

42.29 

42.52 

9.29 

9.30 

7 

40 

0.7 

277.5 

-76.92 

-76.20 

41.96 

42.18 

9.90 

9.91 

8 

1 

0.8 

0.8 

-76.37 

-76.37 

42.53 

42.53 

9.91 

9.91 

9 

32 

0.8 

265.6 

-77.32 

-77.02 

42.08 

42.25 

4.57 

4.61 

10 

45 

1.0 

277.5 

-76.63 

-76.32 

42.68 

42.71 

1.28 

1.95 

11 

1 

1.0 

1.0 

-77.33 

-77.33 

42.11 

42.11 

6.58 

6.58 

12 

17 

1.0 

277.9 

-76.32 

-76.13 

42.89 

42.91 

0.30 

0.40 

13 

33 

1.5 

276.1 

-77.26 

-76.86 

42.79 

42.79 

3.41 

3.41 

14 

15 

1.5 

276.5 

-76.03 

-75.75 

42.94 

43.09 

0.33 

2.77 

15 

31 

1.8 

274.6 

-77.59 

-77.39 

42.94 

43.13 

0.21 

1.25 

16 

36 

1.7 

277.9 

-76.22 

-76.02 

43.02 

43.19 

3.38 

3.72 

17 

38 

1.8 

276.4 

-76.39 

-76.14 

43.15 

43.17 

1.85 

1.90 

18 

33 

1.9 

275.7 

-77.45 

-77.05 

43.04 

43.06 

1.85 

2.47 

19 

36 

1.9 

277.2 

-75.70 

-75.40 

43.24 

43.30 

2.68 

3.74 

20 

1 

1.9 

1.9 

-75.95 

-75.95 

43.28 

43.28 

3.50 

3.50 

21 

8 

1.9 

109.4 

-75.53 

-75.46 

43.27 

43.32 

0.09 

0.52 

22 

40 

3.0 

275.7 

-77.02 

-76.80 

43.21 

43.26 

0.76 

0.83 

23 

10 

3.1 

134.3 

-75.86 

-75.85 

43.32 

43.43 

1.71 

1.71 

24 

21 

3.1 

279.7 

-75.99 

-75.79 

43.48 

43.53 

0.79 

0.82 

25 

48 

3.2 

279.4 

-76.24 

-76.08 

43.41 

43.68 

2.25 

2.32 

26 

20 

4.1 

231.8 

-75.94 

-75.68 

43.39 

43.63 

1.37 

2.96 

27 

13 

4.4 

89.0 

-75.88 

-75.63 

44.08 

44.09 

4.27 

4.30 

28 

10 

5.2 

125.4 

-75.55 

-75.46 

44.61 

44.68 

1.95 

1.99 

29 

1 

8.2 

8.2 

-75.30 

-75.30 

44.76 

44.76 

8.69 

8.69 

30 

11 

1.8 

112.9 

-77.65 

-77.60 

43.16 

43.22 

0.12 

0.49 

31 

13 

1.9 

153.5 

-77.42 

-77.36 

43.99 

44.08 

0.34 

0.95 

32 

1 

3.1 

3.1 

-76.81 

-76.81 

43.21 

43.21 

13.56 

13.56 

33 

32 

3.1 

278.2 

-76.74 

-76.31 

43.18 

43.20 

0.52 

1.62 

34 

42 

4.4 

277.5 

-76.69 

-76.42 

42.41 

42.55 

4.41 

4.45 

35 

35 

4.4 

277.5 

-76.14 

-75.74 

42.26 

42.45 

6.19 

6.25 

36 

15 

4.4 

156.0 

-75.44 

-74.99 

42.30 

42.34 

9.87 

9.89 

37 

11 

4.5 

96.7 

-76.30 

-76.19 

42.31 

42.38 

0.98 

1.64 

38 

27 

4.8 

278.3 

-77.18 

-77.09 

42.27 

42.49 

0.70 

1.13 

39 

43 

4.8 

277.5 

-76.64 

-76.14 

42.14 

42.42 

10.57 

11.70 

40 

38 

4.8 

277.5 

-76.29 

-75.66 

41.95 

42.21 

10.51 

10.52 

41 

30 

4.7 

277.8 

-75.78 

-75.49 

41.80 

41.93 

3.17 

4.45 

42 

38 

4.8 

277.5 

-77.02 

-76.66 

42.20 

42.34 

5.94 

5.94 

43 

44 

5.1 

277.0 

-76.73 

-76.06 

41.66 

41.86 

9.75 

10.52 

44 

25 

5.2 

277.8 

-77.00 

-76.93 

42.19 

42.27 

0.49 

1.07 

45 

23 

5.2 

187.3 

-75.99 

-75.71 

41.28 

41.54 

5.30 

5.91 

46 

25 

5.5 

268.4 

-77.17 

-77.11 

42.17 

42.22 

0.40 

0.79 

47 

1 

11.3 

11.3 

-75.26 

-75.26 

41.38 

41.38 

5.46 

5.46 

48 

2 

11.2 

23.3 

-75.28 

-75.26 

42.06 

42.06 

2.47 

2.47 

49 

12 

11.5 

227.8 

-75.52 

-75.27 

42.09 

42.19 

2.44 

2.68 

50 

18 

12.7 

277.2 

-75.67 

-75.63 

43.03 

43.04 

0.39 

0.46 

51 

1 

13.0 

13.0 

-77.36 

-77.36 

42.10 

42.10 

6.58 

6.58 

52 

42 

14.0 

278.6 

-76.77 

-76.11 

43.21 

43.33 

13.56 

13.56 

53 

4  8 

14.1 

281.7 

-75.95 

-75.51 

43.30 

43.77 

3.72 

4.33 

54 

6 

15.9 

76.2 

-76.36 

-76.30 

44.13 

44.16 

1.55 

1.55 

55 

1 

17.6 

17.6 

-75.27 

-75.27 

44.77 

44.77 

8.69 

8.69 

56 

35 

13.7 

277.8 

-75.66 

-75.02 

43.05 

43.11 

10.51 

10.52 

57 

39 

14.4 

277.1 

-76.33 

-75.53 

42.51 

42.53 

9.90 

9.91 

58 

11 

21.7 

143.0 

-77.65 

-77.57 

44.09 

44.14 

0.25 

1.31 

59 

15 

25.5 

277.9 

-76.14 

-76.13 

42.86 

42.99 

0.30 

0.37 

60 

11 

25.1 

253.8 

-76.09 

-75.90 

43.04 

43.05 

0.53 

1.25 

Figure  69 (normalized) 
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TRACK  DATA  MENU:  Option  2 


Track  Data  MEWJ  2i 

6.  P10T  Tracks 

1.  Output  TaWfis  by  Track  Nui^rs  containing  Numbw'  of  Aasoclatad  Detactions  and: 
a>  Minlfflua  time  and  Maxinan  time 
b.  Range  of  Track,  feoordinatss 
t2.  PLOT  One  T^^ 

3.  PLOT  One  Track  and  Associated  Detections 
4*  PUT  Association  Cost 

5,  COMPUTE  TA8UIAR  Sunwarg  of  Innovation  CDetections  -  track)  along  with  corresponding  plot. 
B.  OU^UT  a  Table  of  Target  10  vs.  Associated  Tracks 

7.  PLOT  Track  Covarisaress  vs.  Tiaa 

8.  PUJT  Covariance  Ellipses  for  Detsctions  vs.  Tracks 

B;  PRIUT  OUT  (by  tiaie  tick)  Selected  Data  Corresponding  to  a  Particular  Track 
18.  PLOT  ALL.  Track  Points  Corresponding  to  a  Particular  Target  10 
U.  PLOT  Velocity  by  Track 
12,  TRANSFER  to  Scan  Data  Menu 

MENU  Choice:  2 

Figure  70 


INPUT  Track  Number  to  be  Viewed;  5 


Figure  71 

SENSOR  Display  Submenu: 

1.  PLOT  Location  of  Dansville  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice:  3 

Figure  24  —  Repeated 


Option  2,  PLOT  One  Track  allows  the  User  to  plot  the  Track 
points  for  a  given  computed  Track.  After  inputting  the  desired 
Track  Number  (Figure  71)  and  SENSOR  Display  choice  (Figure  24  - 
Repeated),  Figure  72  on  page  A-45  (fit  Figure  72 (normalized)  on 
page  A-46)  occurs  as  a  result  of  these  INPUTS. 

The  axes  are  changed  to  "Longitude"  and  "Latitude"  ,  the 
scatter  plot  points  are  connected,  and  the  ASPECT  RATIO  points 
are  removed  from  the  data  set  in  order  to  obtain  the  plot  of 

Figure  73. 
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TRACK  Latitude  (Deg.)  TRACK  Longitude  (Deg) 


TRACK  DATA  MENU:  Option  2  Continued 


;rRACK  5 


lO 


Figure  72 

[Initial  Longitude  Time  Plot] 


;rRACK  5 


lO 


Figure  73 

[Latitude  ▼&.  Longitude  Plot  -  Aspect  Ratio  Points  REMOVED] 
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TRACK  Longitude  (Deg.) 


TRACK  DATA  MENU:  <^tion  2 
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TRACK  DATA  MENU:  Option  3 


Track  Data  H£NU  2: 

0.  PLOT  Tracks 

1>  Output  Tables  by  Track  Nunbers  containing  Nunber  of  Associated  Oetbctions  and: 
a.  Hinlntutit  tiie  and  Maximum  time 
b<  Range  of  Track  Coordinates 
2.  PLOT  One  Track 

Pldt  One  Track  and  Associated  Detections  I 

4.  WJJT  Association  Cost 

5.  CaWE  TABULAR  Summary  of  Innovation  (Detections  *  Track)  along  with  corresponding  plot, 

6.  OUTPUT  a  Table  of  Target  ID  vs.  Associated  Tracks 

7.  ^OT  Track  Covariances  vs.  Time 

8.  PLOT  Covariance  Ellipses  for  Detections  vs.  Tracks 

8,  PRINT  OUT  (fay  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track 

10.  PLOT  HI  Track  Points  Corresponding  to  a  Particular  Target  ID 

11.  PLOT  Velocity  by  Track 

12.  THANSFER  to  Scan  Data  Menu 

MENU  Choice:  3 

Figure  74 

INPUT  Track  Number  to  be  Viewed:  5 

Figure  75 


SENSOR  Display  Submenu: 

1.  PLOT  Location  of  Dansville  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice:  3 

Figure  24  -*  Repeated 


Option  3  (Figure  74)  allows  the  User  to  obtain  a  plot  of  a 
given  Track  along  with  the  Associated  Input  Detections  used  to 
develop  that  Track.  The  Inputs  shown  above  result  in  Figure  76 
on  page  A-48  or  Figure  76 (normalized)  on  page  A-49.  Figure  77 
on  page  A-48  is  a  plot  of  this  case  with  axes  changed  to 
Latitude  and  Longitude  and  Sensor  locations  and  Aspect  Ratio 
points  both  included. 
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Latitude  (Deg.)  I  longitude  (Deg.) 


TRACK  DATA  MENU:  Option  3  Continued 


/TRACK  5  vs.  ASSOCIATED  DETECTIONS 
^(GREEN)  (RED) 


P?  A 


^EMSEN 


^ANSVILLE 


- 1 - 

6.15e-i-04 


- - 

6.16e+04 

Track  Time  (seconds) 


6.170+04 


Figure  76 
[Initial  Longitude  vs.  Time  Plot] 


^TRACK  5  vs.  ASSOCIATED  DETECTIONS 
'  ,(QREEN)  (RED) 


[Latitude  vs.  Longitude  Plot] 
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Longitude  (Deg.) 


A-49 


Occasionally,  including  the  Sensor  locations  in  a  plot  may 
make  it  difficult  to  analyze  what  is  happening  with  a  particular 
Track  even  though  the  Aspect  Ratio  points  have  been  removed.  In 
this  case,  the  data  may  be  rerun  without  requesting  the  Sensor 
locations  or  the  Subset  data  menu  may  be  accessed  and  the  last 
four  points  removed  (Figure  78)  so  as  to  remove  both  the  Sensor 
location  points  and  Aspect  Ratio  points  (Figure  79). 


TRACK  S  vs.  ASSOCIATED  DETECTIONS 


Sceui  43,  Detection  1 1 

38,  Detection  1 4 

34.  Detection  10 
^*’'%j^Scan  28.  Detection  13 

.Scan  24,  Detection  1 1 


^can  1 6,  Detection  33 

^S^Scan  1 2,  Detection  38 


Scan  8.  Detection  32 


Scan  4,  Detection  1 


Longitude  (Deg.) 


Figure  79 

["Aspect  Ratio"  and  Sensor  points  removed  from  Figure  77] 
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TRACK  DATA  MENU:  Option  4 


u 


2. 

3. 


Track  04U  HEHU  2j 

Output  Tables  by  Track  liurijers  comtalnfftg  Nuaber  of  Associated  Oetectioos  and: 

a.  Mlnlfflun  tliae  and  Haxlnujn  tine 

b.  ilanqa  of  Track  Coordinates 
HOT  One  Track 
H 

14.  HLUI  association  UQsO  -  ^  t  * 

S.  COMPOTE  TAaULAR  Suwnary  of  Inwwatlon  (Detections  *  Track)  along  with  correspondtng  pm^^ 

OUTPUT  a  Table  of  Target  ID  vs,  Asoclated  Tracks 
PLOT  Track  Covariances  vs.  Tine 
PLOT  Covariance  Ellipses  for  Detections  vs.  Tracks 
PRINT  our  (by  tine  tick)  Selected  Data  Corresponding  to  a  Particular  Track 
PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  ID 
PLOT  Velocity  by  Track 
TRAN9*ER  to  Scan  Data  Menu 
quiP 


6. 

7. 

8. 

9. 

18. 
n. 

12. 

13. 

MENU  Choice:  4 


Figure  80 


at  at  at»e*********#a{)i!»)it####»* 

Plot  Cost  MENU: _ ! - ^ - , 

[  !.  For  a  single  track _  •  ■  ^ _ I 

5T  Across  all  tracks 
Plot  Cost  MENU  Choice:  1 

m****************************************************** 

Figure  81 

i^m^****innt*****if*************************************** 

When  plotting  COST,  does  the  User  also  want  to  have  the  MEAN  COST  plotted? 
1.  YES 

MEAN  Plotting  Choice:  1 

♦♦**♦*»♦*♦***♦♦♦**#********♦*****♦*♦****♦*****♦«♦**«»*♦ 

Figure  82 


Option  4  from  the  Track  Data  MENU  2  is  to  PLOT  Association 
Cost  (Figure  80).  After  making  this  choice,  the  User  will  then 
have  the  Option  (Figure  81)  to  plot  the  cost  for  a  single  track 
or  across  all  tracks.  Both  choices  will  be  illustrated  below. 

If  the  choice  is  for  a  single  track,  the  User  will  then  be 
asked  if  the  MEAN  COST  for  that  Track  should  also  be  plotted 
(Figure  82). 


A-51 


TRACK  DATA  MENU:  Option  4  Continued 


At  the  same  time  that  the  MEAN  COST  is  being  computed,  the 
Standard  Deviation  of  that  Cost  is  also  being  calculated. 
Therefore,  if  the  answer  to  the  query  of  Figure  82  on  page  A-51 
is  YES,  then  the  User  will  be  asked  if  he/she  would  like  to  have 
lines  plotted  around  the  MEAN  line  which  represent  a  particular 
number  of  standard  deviations  around  the  MEAN  (Figure  83).  [For 
this  example,  the  response  is  "0"  or  DO  NOT  PLOT  Standard 
Deviations  around  the  MEAN. ] 

Finally,  the  Track  Number  to  be  viewed  is  requested 
(Figure  84) . 

The  plots  which  result  from  these  responses  are  on  pages 
A-53  and  A-54  (normalized  times). 


4^***m**4«****:***«***t*****«*«************<*********«* 

COST  and  the  MEAN  COST  will  be  plotted. 

Does  the  Use*  also  Malt  to  have  the  Standard  Deviations  plotted  around  the  ^£AN  COST? _ 

8.  uu  »ui  HLOl  Standard  deviations  arowd  the  MEAN  I 

L  +/-  une  iitandard  Deviation  (it  Normaitty  Assumed,  should  include  bd.d  per  cent  at  the  Data; 

2.  +/-  Tuo  Standard  Deviations  (If  Nomia1tti|  Assumed,  should  irrclude  95.4  per  cent  of  the  Data) 

3.  +/-  Three  Standard  Deviations  0^  Nrauality  Assuned,  should  Include  99.73  per  cent  of  the  Data) 

Standard  Deviation  Choice:  0 

fMm***********^************************************* 

Figure  83 


at « at  at  ac  Sc  at  ar  a:  4c  ac  4c  ac  *  4c  Sc  «*««!((««««*««««««««««  Sc  ♦  a:  iK  Sc 

INPUT  Track  Number  to  be  Viewed:  5 

aeacacaeacacacacacacacacacacacacacacacacacacacacacacacacacacacacacacatacacacacacatacacacacacacacacacacacacacac 

Figure  84 
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I - —I - 1 

o  100  200 

Track  Time  (seconds) 


Figure  85(nonBalized) 


ASSOCIATION  COST  FOR  TRACK  5 
TIME  NORMALIZATION  -  61499.89S  SECONDS 


Figure  86 (normalized) 

[Figure  85 (normalized)  modified  by  connecting  points 

and  adding  ID's] 


A-54 


If,  from  Figure  83  on  page  A-52,  the  User  had  chosen  to 
plot  the  standard  deviation  of  the  cost  for  Track  5  around  the 
mean  value,  the  plot  of  Figure  88  would  have  been  the  result 
(after  connecting  the  points  in  the  initial  scatter  plot  and 
adding  labels).  The  plot  on  page  A-56  (Figure  88 (normalized) 
is  the  same  as  Figure  88  but  with  the  times  normalized  to  the 
initial  Detection  time. 


COST  artd  €8ST  will  to 

80«f  tto  tow  also  waat  to  tose  tto  Standani  tovlations  plotisd  armito  toe  HESH  CSST? 
g.  M  NOT  fiat  Staiatwd  tovlatiofts  wetftii  tto 

t.  W-  toe  Standard  Acgato.  stoow  68.3  ow  oait  of  tto  total  I 

1." . swt  of  tto  tota) 

3.  three  Standard  tovlatiwe  (if  Maraall^  leaned^  ahottld  iackde  SS.tS  per  cmt  of  toe  Data) 
Standard  D^latlw  Qietoei  i 

»  8  f ««»«  8  88«»8  8«IW8  8  «4-»88  8«lH8»  8  «8  888  88*88 8 88*8 8 88*8 

Figure  87 


Figure  88 
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TRACK  DATA  MENU :  Option  4  Continued 


yVSSOCIATION  COST  FOR  TRACK  5 
JIME  NORMALIZATION  =  61499.898  SECONDS 


Figure  88 (normalized) 
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TRACK  DATA  MENU:  Option  4  Continued 


Track  Data  HEW  2; 

0,  PLOT  Tracks 

1.  Qutjwt  Tables  by  Track  Nutters  containing  Nimber  of  Associated  Detections  and: 

a.  Mlniffitin  tine  and  Maxlnam  tine 

b.  Range  of  Track  Ctoordlrstes 

2.  PLOT  One  Track 

3.  PLOT  One  Track  and  Associated  Detections 

iJta . PLUl  Association  UQSt  I 

5.  COMPOTE  TABULAR  Suwnarg  of  Innovation  (Detections  >■  Track)  along  with  corresponding  plot. 

6.  OUTRJT  a  Table  of  Target  ID  vs.  Associated  Tracks 

7.  PLOT  Track  Covariances  vs.  Tlise 

8.  PLOT  Covariance  Ellipses  for  Detections  vs.  Tracks 

9.  PRINT  OUT  (by  tlB«  tick)  Selected  Data  Corres^nding  to  a  Particular  Track 

10.  PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  ID 
U.  R.0T  Velocity  by  Track 

12.  TRANSFER  to  Scs^  Data  Menu 

13.  quit 

MENU  Choice:  4 

Figure  80  -  Repeated 

Plot  Cost  MENU; 

1.  For  a  single  track 

I  Z.  Across  all  tracks  I 

Plot  Cost  MENU  Choice;  2 

**«««*««  He*** 

Figure  89 

**♦»*♦**»««*»***■■»♦♦»»♦*♦♦»***»*♦**♦#»****»»♦*♦♦**♦'*♦*» 

MEAN  COST  fcr  each  track  will  be  plotted. 

Does  the  Usa*  also  want  to  have  the  Standard  Deviations  plotted  around  the  MEAN  COST? 

I  8.  00  NOT  PLOT  Standard  Deviations  around  the  1€AN  | | 

1.  +/-  line  Stanoard  Deviation  (If  Nomiaiuij  Assumed,  should  include  bd.i  pa*  cent  of  the  Data) 

2.  ♦/-  Two  Standard  Deviations  (If  Norwalltg  Assuied,  stould  include  95.4  per  cant  of  the  Data) 

3.  Three  Standard  Deviations  (If  Nomallty  Aseuned,  should  include  99.73  per  cent  of  the  Data) 
Standard  Deviation  Choice:  B 

$^t*$$$**t*$**t*t*****t****$$*******$t**********tt$t$$t 

Figure  90 

If  the  User  chooses  to  PLOT  Association  COST  and  then 
chooses  Option  2  from  the  Plot  Cost  MENU,  the  MEAN  COST  for  each 
track  will  be  plotted.  Also,  immediately  upon  responding  to  the 
query  of  Figure  90,  a  Table  of  Track  Number,  Nvimber  of 
Associated  Detections,  Mean  Association  COST  for  the  given 
Track,  and  Standard  Deviation  of  the  COST  for  the  given  Track, 
are  output  to  the  User's  shell  (Figure  91  on  page  A-58)  and  may 
be  printed  out  by  answering  "Yes"  to  the  usual  Hard  Copy 
question . 

Figure  92  on  page  A-59  results  from  this  choice  of  Option  4 
(after  connecting  the  points  in  the  Initial  scatter  plot). 

Figure  93  on  page  A-59  results  from  choosing  Option  1.  from 
the  menu  of  Figure  90  ( and  adding  labels  to  the  curves ) . 
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TRACK  DATA  MENU:  Option  4 


Track 

Number  of 
Associated 

Mean 

Association 

Standard 

Deviation 

Number 

Detects 

COST 

COST 

1 

35 

-6o639184 

1.607926 

2 

40 

-7.499599 

1.640196 

3 

43 

-7.917850 

1.539668 

4 

15 

-5.355937 

2.477244 

5 

29 

-7.581075 

1.842380 

6 

43 

-8.343904 

1.789928 

7 

40 

-7.647549 

1.921407 

9 

32 

-6.937297 

1.781929 

10 

45 

-7.970737 

1.507958 

12 

17 

-6,115903 

2.780618 

13 

33 

-7.874172 

1.870390 

14 

15 

-5.182754 

3.063863 

15 

31 

-7.274426 

1.852525 

16 

36 

-7.016156 

1.409667 

17 

38 

-7.021727 

1.592505 

18 

33 

-7.685291 

1.958046 

19 

36 

-7.355974 

1.953724 

21 

8 

-6.199631 

3,285765 

22 

40 

-8.116442 

1.563570 

23 

10 

-5,585039 

2.769777 

24 

21 

-7,319962 

2.132530 

25 

48 

-7.819836 

1.650652 

26 

20 

-5.901803 

2.477857 

27 

13 

-6.893498 

2.873656 

28 

10 

-6,029074 

2.550431 

30 

11 

-6.461277 

2,407237 

31 

13 

-5.675668 

2,043477 

33 

32 

-7.281401 

2.384048 

34 

42 

-8.078735 

1.596051 

35 

35 

-7.159513 

1.645775 

36 

15 

-5.750535 

2.203432 

37 

11 

-6.530680 

2.550221 

38 

27 

-7.246177 

1.690723 

39 

43 

-8.035809 

1.590716 

40 

38 

-7.513459 

1.703038 

41 

30 

-6.833278 

2.059210 

42 

38 

-7.819946 

1.761334 

43 

44 

-7.772551 

1.622277 

44 

25 

-6.870125 

1.653902 

45 

23 

-6.738566 

1.886586 

46 

25 

-6.970666 

1.675538 

48 

2 

-1.447251 

2.046722 

49 

12 

-5.000810 

2.390260 

50 

18 

-6.590872 

2.697541 

52 

42 

-7.355531 

2.466799 

53 

48 

-7.545585 

2.139042 

54 

6 

-5.591600 

3.230623 

56 

35 

-6.672262 

2.091456 

57 

39 

-7.765274 

1.792487 

58 

11 

-5.562553 

2.280005 

59 

15 

-5.759603 

2.696463 

60 

11 

-4.546228 

3.002024 

61 

32 

-7.983765 

2.055153 

62 

3 

-2.673825 

3.030881 

63 

26 

-6.666516 

2.433055 

64 

18 

-6.849485 

2.720226 

69 

24 

-6.584076 

1.933577 

70 

9 

-4.470470 

3.876206 

72 

2 

-3.420602 

4.837461 

73 

25 

-6.358548 

2.281986 

75 

26 

-6.949069 

2.130296 

76 

14 

-6,181808 

2.341125 

77 

32 

-6.828402 

2.253836 

83 

15 

-6.617152 

2.012546 

85 

2 

-1.950882 

2.758964 

87 

4 

-3.600949 

3.471792 

88 

14 

-5.156883 

2.735796 

92 

10 

-5.000189 

2,388390 

94 

7 

-4.502557 

2.754561 

95 

4 

-1,600140 

2.049951 

96 

4 

-2.049621 

2.883010 

101 

4 

-4.188647 

2.920286 

102 

6 

-4.371143 

2.683885 

104 

4 

-4.467777 

3.662047 

105 

3 

-3.804519 

3.620561 

107 

3 

-3.511722 

3.431201 

109 

2 

-1.899765 

2.686673 

Figure  91 
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Figure  93 
A-59 


TRACK  DATA  MENU:  Option  5 


Tf^k  Bata  MENU  2: 

8,  PLOT  Tracks  .  -  >  ^ 

1.  (kitput  Tables  by  Track  Numbers  containing  Number  of  Aeswiated  Detections  and: 
a.  Minimutt  time  and  Maximum  time 
'■■■■•.'.'b..RaweofTrack.Coordinate8- 
■  •■■2.  CPLOT  One  Track 

3- 1  PLOT  One  Track  and  A^ciated  Etetections  - 

4,- --FIOT  Association  Cost, ■  /  '  '  '"iri 

i"5. . 5IWPUTE  TABUL&k  Suiroaru  ot  innovatton  tPetections  -  tracKj  atonq  aritn  corresponatnq  p>ot.| 

: 6.  OUTPUT  a  Table  of.Iarget  l6  vs*  Associate  Tracks  "  .  ;  ; .  .  . 

7.  ROT  Track  Covariances  V8.  Time 

8.  ilflT  Covariance  Ellipses  for  Detections  vs.  Tracks 

9.  PRINT  OJT  (bu  time  tick)  Selected  Data  Ccrresponding  to  a  Particular  Track 
18,  PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  m 

IT.  ROT  Velocity  by  Track 
12.  -TRANSFER  to  Scan  Data  Menu 

MENU  Choice:  5 

Figure  94 

TRACK  DATA  MENU  Option  5  allows  a  User  to  obtain  a  Tabular 
summary  of  Innovations  (defined  as  the  difference  between  a 
Detection  X^Ksation  and  a  Track  Location)  for  all  calculated 
Tracks.  If  One  Track  is  chosen  from  the  menu  of  Figure  95  on 
page  A-61,  then  the  Innovation  is  calculated  for  each  time  tick 
of  available  data  and  then  displayed  along  with  the  mean  of  these 
data  values.  Available  from  the  ERROR  MENU  (Figure  96  on  page 
A-61)  are: 

1.  SIGNED  Innovations  -  A  tabular  display  and  plot  summarization 
of  the  Table. 

2.  ABSOLUTE  Innovations  -  All  Innovations  are  computed  via  the 
Absolute  Value  function  and  give  the  User  a  perspective  of 
how  good  or  bad  a  Track  is  without  respect  to  positive  or 
negative  sign. 

3.  MAGNITUDE  of  the  Innovations  -  Since  the  units  for  our  data 
are  degrees  for  Latitude  and  Longitude  and  kilometers  for 
Altitude,  only  the  Latitude  and  Longitude  values  are  used  to 
compute  the  Innovation  MAGNITUDES. 

4.  East— North— Up  Innovations  -  All  measurements  are  converted  to 
the  ENU  coordinate  system  ( in  terms  of  kilometers ) .  Each  of 
the  three  components  may  be  viewed  along  with  the  magnitude 
based  on  all  three  components. 

If  the  User  chooses  to  view  the  Innovations  for  ALL  TRACKS 
from  the  menu  of  Figure  95  on  page  A-61,  then  the  Tabular 
summaries  will  be  displayed  along  with  a  corresponding  plot. 
Otherwise,  only  a  plot  of  an  individual  Track  will  be  shown. 

The  following  pages  illustrate  the  various  capabilities 
available  from  this  Option. 
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TRACK  DATA  MENU:  Option  5  ContinuQcj 


MENU  for  ^Detection  Track)  Innovation; 

I  . I'!,  Compute  (.Detection  -  trackj  ^nnovai^on  for  Une  track  UNLV  \ 

i£.  uomjsute  (.uetectlon  -  TracK>  innovation  for  AUL.  iKAU^a 
MENU  Choice;  1 

*«**«4t««:***«**iK*4^*ik«***ilt«*««  *«*««*«**»*  *«««*«*««*«**«««. 

Figure  95 


ERROR  MENU;  _ _  •  . 

1.  Compute  SIGNED  Innovation (Detection  -  Calculated  Track) I 

- 5:  Coi^pute'T^BmUTE  Innovation  AB5(Detect^on  -  fraclc) 

3.,  Compote  MA6NITU0E  of  Innovation  (Ut.  &  Long.  ONLY) 

4.  Compute  rnnovations  in  £ast-Nortrt-UP  Coordinate  System 
and  Plot  ENU  Innovation  COMPONENTS  and  MA8NITUDE 
ERROR  MENU  Choice:  ! 

yin  4t*«*««*«««****«*«***««i|t*)*r«*  «**«««**«*««  ***«««*««*«*** 

Figure  96 


The  SIGNED  Innovation  is  defined  as  the  difference  formed 
by  taking  the  Associated  Detection  coordinates  and  subtracting 
the  Calculated  Track  coordinates. 


m*»******M*M***m*«*«***«****M**«*t*M**m***M* 

Ddes  the  Hear  also  want  to  have  the  Standard  PBviatiQns  plotted  around  the  HEAN? 

9.  DO  NOT  PLOT  Standard  Deviations  youfMi  the  WEAK  .  ' 

1.  +/-  One  Standard  Deviation  (If  Nomality  Assiroed,  should  include  68.3  per  cent  of  the  tteta) 

2.  +/-  Two  Standard  Deviations  (If  Horaality  Assuned,  should  include  95.4  per  cent  of  the  Rata) 

3.  +/■  Tiree  Standard  Deviations  (If  Normality  Assumed,  should  include  99.73  per  cent  of  the  Data) 

Standard  Deviation  Choice:  9 

tt*$il**%*****$$$**U***tt*****t$*$*4*****t*******t$**t* 

Figure  97 


INPUT  Track  Number  to  be  Viewed:  5 

3|c9tcac]|c«3i(«Sc«««*3|c3ic*acac««]K  *«««««#«#««*  sc  sc 


Figure  98 
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TRACK  Latlude  (Deg.) 


[Track  5  Latitude  -  SIGNED  Innovation] 


A-62 


Figure  99 (normalized) 

[Track  5  Longitude  -  SIGNED  Innovation] 


Track  Time  (seconds) 


Figure  100 (normalized) 

[Track  5  Latitude  -  SIGNED  Innovation] 
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TRACK  DATA  MENU:  Option  5  Contlnue4 


«<>«««>««*« 

MENU  for  ^Detection  -  Track)  Innovation; .._ 


_ 1,  Compute  (Detectlort  -  Track)  Innovation  for  One  Track  ONLY 

2.  Compute  (Detection  -  track)  Innovation  for  ALL  TRACKS 
MENU  Choice:  1 

***#««««***«  **«)k***««*)li«**«**  ******************  ******** 

Figure  95  -  Repeated 


»*«**«** ***««**» «*******«*«**««« *********************** 

I . n  Compute  StONEd  Innovation  (betectibh  -  fcalculated  Track)  I 

2.  Compute  ABSOLUtfi  Innovation  ABS(Detection  -  Calculated  Track) 

3.  Compute  MAGNITUDE  of  Innovation  (Lat.  &  Long.  ONLY) 

4.  Compute  Innovations  in  East-North-UP  Coordinate  System 

and  Plot  ENU  Innovation  COMPONENTS  and  MAGNITUDE 
ERROR  MENU  Choice:  1 

*************************************************** 

Figure  96  -  Repeated 


Does  User  also  want  ta  have  the  Standard  Deviations  plotted  around  the 
0,  D0  NOT  PICT  StBrtdard  Deviations  around  the  MEAN 

h  One  Standard  Deviation  ilf  Nortnalltsi  Asauftod^  should  Include  00*3  per  cent  of  the  Data) 

_ Z.  Two  standard  Deviations  (tf  Ncrwalltu  Aseuned,  should  Include  95,4  per  cent  of  the  Oata) 

I  +/-  Ihree  iSlandard  LWiatJons  (it  Norwalitu  Aasijned^  should  Inc  I  ode  9;Oi:{  oef'  cent  o1  the  Uata)  I 

'Staty;a«ra'''B9*iai{on''tihokai . 

Figure  101 


INPUT  Track  Number  to  be  Viewed:  5 

4:  :K  4c*  ««  4c  «3K««***  ***««*«*«« 


Figure  98  -  Repeated 


This  example  is  the  scuae  as  the  previous  example  (Figures  99 
and  100)  except  this  time  lines  representing  a  distance  of  three 
Standard  Deviations  are  plotted  on  each  side  of  the  MEAN. 
Resulting  from  these  inputs  are  Figures  102  and  103  on  page  A-65 
and  the  NORMALIZED  Time  Figures  102 (normalized)  and 
103 (normalized)  on  page  A-66. 
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TRACK  Longitude  (Deg.) 

•0.010  -0.005  0.000  0.005 


Figure  102 

[Track  5  Longitude  with  Standard  Deviation  Lines] 


Figure  103 

[Track  5  Latitude  with  Standard  Deviation  Lines] 
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TRACK  Lon^ude  (Deg) 


Figure  102 (normalized) 

[Track  5  Longitude  with  Standard  Deviation  Lines] 
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TRACK  DATA  MENU:  Option  5  Continued 


MENU  for  fDateetlon  ■*  Track)  Innovation; 

1.  Compute  (Detection  ~  Track)  Innovation  for  One  Track  ONLY 
T,  torabute  <t>etect^on  -  Track)  innovation  tor  AU 
MENU  Choice:  1 

Figure  95  -  Repeated 


*  Ik  «  ♦  all  3|t « 3|t  #  3|(  }(( i|i;  :|c)K  #  *  3|t  1)1^  :|e  ift  #  *  #  ait  ♦  ♦  ♦  ♦  3|c  ^  3ft 

ERROR  MENU  t 

1  >  Computg  SI  GNgP  T  nnovation  f  Detactian.  -  Calcul  ated  ..Tracks . . 

_ 2.  Compute  ABSOLUTE  Innovation  ABS<! Detection  -  Calculated  Track) 

3,  Compute  MAGNiTiil!)E  Of  innovation  (.Lat.  i  Long.  ONLY; 

4.  Compute  Innovations  in  East-North-UP  Coordinate  System 

and  Plot  ENU  Innovation  COMPONENTS  and  MA6NITUDE 
ERROR  MENU  Choice:  2 

ti|ieee*««’)t****e*******4<’k**«’****4E***********4”l> ’***’!'**’•■**** 

Figure  104 


The  ABSOLUTE  Innovation  is  defined  as  the  ABSOLUTE  VALUE  OF 
the  difference  formed  by  taking  the  Associated  Detection 
coordinates  and  subtracting  the  Calculated  Track  coordinates. 


1ft*1*****tt***t$****t$***U«*********t$****t$***tU*$** 

Does  the  User  also  want  to  havs  the  Standard  Deviations  plotted  arottfid  the  MENi? 
i  0.  DO  NOT  Plot  Standard  Deviations  around  the  MEAN  ~~l 

1.  +/-  One  Standard  Oeviatim  (If  Nonnalitij  Assuned,  should  include  68.3  pa*  cent  of  the  Data) 

2.  +/-  Two  Standard  Deviations  (If  NornaTity  4ssuned,  should  include  95.4  per  cent  of  the  Data) 

3.  +/-  Three  Standard  Deviations  (If  Normality  Assuwd,  should  include  99.73  per  cent  of  the  Data) 

Standard  Deviation  Choice:  8 

»*M**»********««*********»$*****$**«*«****«*****«***»* 

Figure  97  -  Repeated 


INPUT  Track  Number  to  be  Viewed:  5 

e  «  at  *  *  *  *  *  *  *  «  « at «  «  «  w  «  *  «  4  «  «  «  4c  Sc « Sc  *  Ik  « Sc  *  St  *  *  « it  e  *  «  «  «  «  4  «  «  « ac  ic  4  «  « 

Figure  98  -  Repeated 

This  example  is  the  same  as  the  first  Option  5  excunple 
(Figures  99  and  100)  except  this  time  the  ABSOLUTE  Innovation  is 
plotted  rather  than  the  SIGNED  Innovation.  Plots  for  this  case 
are  on  the  next  page  (Figures  105  and  106  un-normalized  and 
normalized  on  the  next  two  pages ) . 
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TRACK  Latitude  (Deg.)  TRACK  Longitude  (Deg.) 


TRACK  DATA  MENU:  Option  5  Continued 


^absolute  Innovation  ABS(Oetections  -  Track)  for  Track  S 
f\BO  =  TRACK  innovation,  GREEN  =  MEAN  Innovation 


Trac^k  Tim©  (seconds) 


Figure  105 

[Track  5  Longitude  JUiSOLUTE  Innovation] 


Figure  106 

[Track  5  Latitude  -  ABSOLUTE  Innovation] 
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TRACK  Latitude  (Deg.)  TRACK  Longitude  (Deg.) 


TRACK  DATA  MENU:  Option  5 


Continued 


y^BSOLUTE  Innovation  ABS(Detection3  -  Track)  for  Track  5 
-  TRACK  Innovation.  QREEN  -  MEAN  Innovation 


Figure  105(nomalized) 

[Track  5  ZiOngitude  -  ABSOLUTE  Innovation] 


Figure  106 (normalized) 

[Track  5  Latitude  —  ABSOLUTE  Innovation] 
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TRACK  DATA  MENU:  Option  5  Continued 


******************************************************* 

MENU  for  fPetectfon  ~  Track)  Innovation; _ _ _ _ 

1.  Comoute  ^'Detection  ~  Track)  Innovation  for  One  Track  ONLY 

2.  Compute  vOetectlon  -  Track)  Innovation  for  ALL  TRACKS 
MENU  Choice:  1 

♦****♦***»♦*♦*♦**♦*♦*»♦»***♦*♦*♦*♦**♦»♦*♦****♦*»**♦»’«** 

Figure  95  Repeated 


**i^m*************************************************** 

ERROR  MENU!! 

1.  Compute  SffiNED  Innovatioo  (Detection  -  Calculated  Track) 

2.  Compute  ABSOLUTE  Innovation  ABSCDetection  -  Calculated  Track) 

. 3. . Compute  MAGNITUDE  of  Innovation  (La t.  &  Long,  ONLY) 

A.  Compute  Innovations  In  feast-North-UP  Coordinate  System 
and  Plot  ENU  Innovation  COMPONENTS  and  MAGNITUDE 
ERROR  MENU  Choice:  3 

**»*)i(*«»»**»«****»**»»***»«**<i#*»*»**)ii»i«»*»»*»»»***»*** 

Figure  107 


In  this  case,  the  MAGNITUDE  of  the  Innovation  is  defined 
as  the  Square  Root  of  the  Sum  of  the  Squares  of  the  differences 
formed  by  taking  the  Associated  Detection  coordinates  and 
subtracting  the  Calculated  Track  coordinates  (Latitude  and 
Longitude  flnly) . _ _ _ 


♦♦♦★♦♦♦♦**♦♦♦♦♦♦♦*♦♦****♦*♦**♦*♦**♦♦***»********♦♦*♦**# 
INPUT  Track  Number  to  be  Viewed:  5 
**»♦»♦«»»**»*♦♦♦♦♦♦*♦♦♦♦*♦*♦♦*♦♦***♦*♦******♦*♦*♦**♦**♦ 

Figure  98  -  Repeated 


For  Option  5  from  the  Track  Data  Menu,  the  User  has  in 
this  example  chosen  to  see  the  Innovations  for  one  Track  only 
(Figure  95)  and  has  also  chosen  to  see  the  MAGNITUDE  of  the 
Innovation.  Because  of  unit  differences,  this  MAGNITUDE  is 
based  solely  on  the  Latitude  and  Longitude  values,  yielding  a 
MAGNITUDE  in  degrees  (Figure  108  on  page  A-71  Qt  Figure 
108 (normalized)  on  page  A-72). 
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Innovation  MAGNITUDE 


TRACK  DATA  MENU:  Option  5  Continued 


innovation  MAGNITUDES  (Lat.,Long.  ONLY)  for  Track  5 


Track  Time  (seconds) 


Figure  108 

[Track  5  Innovation  MAGNITUDE] 
(Latitude,  Longitude  ONLY  Used  in  Computation) 
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Innovation  MAGNITUDE 


TRACK  DATA  MENU:  Option  5 


Continued 


innovation  MAGNiTUDES  (Lat.Long.  ONLY)  for  Track  5 
JIME  NORMALIZATION  =  61499.898  SECONDS 


Figure  108 (normalized) 

[Track  5  Innovation  KAGNITUDE] 
(Latitude,  Longitude  ONLY  Used  in  Computation) 
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TRACK  DATA  MENU:  Option  5  Continued 


♦♦»♦*♦*♦♦»**♦♦♦♦*♦»♦♦«»#♦*♦♦*»#♦*♦**♦*♦*♦**♦*♦*♦♦*♦*♦*♦ 

MENU  for  f Detect ion  ~  Track)  fnnovatTon; 

1.  Compute  {Detection  Track)  Innovation  for  One  Track  ONLY  i 

2.  Ccanpute  (Detection  -  Track)  Innovation  for  ALL  tRACKS 
MENU  Choice;  I 

Figure  95  **  Repeated 


ERROR  MENU  s 

1.  Compute  SIONEO  Innovation  (Detection  -  Calculated  Track) 

2»  Compute  ftBSOLUTE  Innovation  ABSCDetectlon  -  Calculated  Track) 
3^  Compute  MAGNITUDE  of  Innovation  (Lat.  &  Long.  ONLY) 
compute  innovations  in  tast-Nortn-UK  coordinate  aystem 
and  Plot  ENU  Innovation  CC»1P0NENTS  and  MABNITUDE 
ERROR "HEMU  "Choice:  4 - 

RT  sr  ;(f » 5F  *  *  ir  *  »  ♦  ft »  sinK  ir  » 3*  HP » » IF  ;|r »  nmt  *  3R  5R  »  »  *  *  » ST  » » ar  ♦  3|f  ♦  nt » 3» 

Figure  109 


iK  « skK  aa  «»««««  «««««««« It «  K  ««*««««  K  « 

ENU  Component  ERROR  MENU: _ _ 

1.  Compute  SIGNED  EMU  Innovation  I 

2.  Compute  ABSOLUTE  ENU  Innovation 
ENU  Component  ERROR  MENU  Choice:  1 


Figure  110 


«  a  a  a  a  a  a  a  a  a  «  a  a  a  a  a  a  a  a  a  a  a  a  «  a  a  9i(4c  *  a  a  a  *  a  a  a  a  a  a  a  a  a 

INPUT  Track  Number  to  be  Viewed:  5 

aaaaaaaaaaaaaaaaaaaaaaaaaicaaaaaanaitaaaa^taaaaaaaaaaaaaaa 


Figure  98  -  Repeated 


In  order  to  observe  the  Innovation  MAGNITUDE  using  all 
three  components  of  Input  and  Computed  Data  (Latitude, 

Longitude,  and  Altitude),  the  Track  Point  and  Associated 
Detection  Point  are  converted  to  the  East-Horth-Up  Coordinate 
System  in  which  all  units  are  in  kilometers  (with  the  Track 
Point  as  origin  of  the  coordinate  system) .  The  three  components 
of  the  Innovation  are  then  available  for  display  along  with  a 
MAGNITUDE  based  on  the  square  root  of  the  sum  of  the  squares  of 
the  differences  of  the  three  components.  In  addition,  the  three 
ENU  components  are  available  as  "signed"  values  (the  signs  of 
the  Associated  Detection  Point  with  respect  to  the  Track  Point) 
or  as  unsigned  (absolute)  values.  The  four  plots  on  the  next 
two  pages  illustrate  these  capabilities,  with  the  SIGNED  ENU 
Innovations  using  the  UN-NORMALIZED  times. 
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NORTH  (km)  EAST  (km) 

-0.0010  -0.0005  0.0000  0.00(»  -I.OOe-04  -SOOeDS  -5.00eTfi  5.00e-06  I.OCte-04 


Figure  111 

[Track  5  ENU  "Signed”  Innovation  East  Conqponent] 


^SIGNED  ENU  Innovation  for  Track  6 
/lED  s  TRACK  Innovation,  GREEN  =x  MEAN  innovation 


- 1 - 1  I 

e.  150+04  6.1 60+04  6.1 70+04 


Track  Time  (seconds) 

Figure  112  ~ 

[Track  5  ENU  "Signed”  Innovation  North  Component] 
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TRACK  DATA  MENU:  Option  5 


SIGNED  ENU  Innovation  for  Track  5 
=  TRACK  Innovation.  GREEN  =:  MEAN  Innovation 


kieafi  SIGNED  Innovation 


1^ 

6.15e^04 

6.16e-i-04 

6.17e<i-04 

Track  Time  (seconds) 

Figure  113 

[Track  5  ENU  "Signed"  Innovation  Up  Ccmiponent] 


Figure  114 


[Track  5  ENU  Magnitude] 
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TRACK  DATA  MENU:  Option  5  Continued 


**H!**»»»»iK4e»»»»i|t»*»*»*»»Jt‘«#»*»>l<»****»**#***»****»*»**** 

MFNU  for  /Detection  -  Track)  rnnovatioa: - ; - - - - — — 

l>  Compute  (Detection  -  Track)  Innovation  for  One  Track  ONLY  | 


2.  Compute  (Detection  -  Track/  Innovation  for  ALL  TRACKS 
MENU  Choice;  i 

**tt**************************************************** 

Figure  95  -  Repeated 


Y  «!  «  Y  jfcj«c  «  «  If  4^  «  #««  «  «  Y 

ERROR  MENU;  ^  ^  »  v 

1.  Compute  StONED  Innovation  (Detection  —  Calculated  Track.) 

2.  Compute  ABSOLUTE  Innovation  ABS<Detsction  -  Calculated  Track) 

3.  Compute  MABNlTUDE  of  Innovation  (Lat,  &  Long.  ONLY) _ 

4.  (ioropute  Innovations  in  Eaet-North-UP  Coordinate  System 

and  Plot  ENU  Innovation  COMPONE^fTS  and  MA6NITUDE _ _ 

tKHUft  Mtwu  unolcas  4  ~ 

*  JR  *  3H  ft »  #  ;|t  *  JR  3(c  ;ie »  » JR  Ht  4f  4«  ^  ¥  4f  *  m  ¥  ¥  ¥  ♦  JIf »  ¥  *  4C » 1* 

Figure  109  —  Repeated 


♦*******#*###*#♦♦##*♦♦♦♦**♦♦*♦♦*♦♦♦♦♦♦***♦♦*♦****♦♦#*** 

ENU  Component  ERROR  MENU: 

I,  Compute  SIGNED  ENU  I nnova 1 1  on _ 

T,  Compute  ABSOLUTE  tNli  Innovation 
ENU  Component  ERROR  MENU  Choice;  2 

:)( «  a  «  «  a a  «  «  a  ]|[  a  a  a  « ](c  « ic  ]|(  3|( « :ic  9(E  3K  4c  e  «  ^  it « ^  *  «  «  *  « it  *  *  *  * 

Figure  115 


aaaaaaaaaaaaaaaaaaaaaaaaaaicitaaaaaaaaaaaaaaaaaaaaaaaaaaa 

INPUT  Track  Number  to  be  Viewed:  5 

aaaititaaaaaaaaaaaaaaaaaaaaaaaaaaaaaititaaaaaaaaaaaitaaaaaaa 


Figure  98  -  Repeated 


This  case  continues  to  illustrate  Track  Data  MENU  Option  2 
and  is  the  same  as  the  previous  example  except  that  Choice  2  is 
made  from  the  ENU  Component  ERROR  MENU  (Figure  115).  NORMALIZED 
and  UN-NORMALIZED  Figures  116,  117,  118,  and  119  on  the  next 
four  pages  result  from  these  choices. 
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NORTH  (km)  ^  EAST  (ton) 


TRACK  DATA  MENU:  Option  5 


yVBSOLUTE  ENU  innovation  for  Track  5 
J\BD  -  TRACK  innovation,  QREEN  «  MEAN  innovation 


^.15e>C>4  6.16e+04  6.17e+04 

2g  Track  Time  (seconds) 


Figure  116 

rrack  5  ENU  "Absolute"  Innovation  East  Component] 


ABSOLUTE  ENU  innovation  for  Track  5 
^EO  -  TRACK  Innovation,  GREEN  =  MEAN  Innovation 


Figure  117 

[Track  5  ENU  "Absolute"  Innovation  North  Component] 
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ENU  Magnitude  (km)  UP  (km) 

X)1  0.002  0.003  £?  » 0.000  0.001  0.002  0.003 


TRACK  DATA  MENU:  Option  5 


Continue<3 


ABSOLUTE  ENU  Innovation  for  Track  5 
/^ED  ss  TRACK  Innovation,  GREEN  =  MEAN  Innovation 


Figure  118 

rack  5  ENU  "Absolute"  Innovation  Up  Component] 


ABSOLUTE  ENU  Innovation  for  Track  6 
^ED  »  TRACK  Innovation,  GREEN  «  MEAN  Innovation 


Figure  119 

[Track  5  ENU  Magnitude] 
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NORTH  (km)  —  EAST  (km) 


TRACK  DATA  MENU:  Option  5 


Figure  116 (normalized) 

rrack  5  ENU  "Absolute"  Innovation  East  Component] 


ABSOLUTE  ENU  Innovation  for  Track  5 
JHED  -  TRACK  Innovation,  GREEN  -  MEAN  Innovation 


Figure  117 (normalized) 

[Track  5  ENU  "Absolute"  Innovation  North  Component] 


A-79 


ENU  Magnitude  (km)  UP  (km) 

0.000  0,001  0.002  0,003  g  0.000  0.001  0.002  0.003 


TRACK  DATA  MENU:  Option  5 


Continued 


ABSOLUTE  ENU  Innovation  for  Track  5 
^ED  *  TRACK  Innovation.  OREEN  =  MEAN  Innovation 


Figure  118 (normalized) 

rack  5  ENU  "Absolute"  Innovation  Up  Component] 


ABSOLUTE  ENU  Innovation  for  Track  5 
^ED  =  TRACK  Innovation.  QREEN  =  MEAN  Innovation 


Figure  119 (normalized) 
[Track  5  ENU  Magnitude] 
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TRACK  DATA  MENU: 

Option  5 

1 

MENU  for  CUetectlon  -  Track)  Innovations 


B^ia.'tiHM: 


T?tWg^<»]^g|^3S8CT5W5m8Bigya»mm^ 


a:i:Gm.^MM 


Figure  120 


2 4  Compote  ABSOLUTE  Innovation  ABS(Detect1on  -  Calculated  Track) 

3.  Compote  MAGNITUDE  of  Innovation  (Lat.  &  Long.  ONLY) 

4.  Compote  Innovations  In  East-North-UP  Coordinate  System 

and  Plot  ENU  Innovation  COMPONENTS  and  MAGNITUDE 
ERROR  MENU  Choice:  1 
«**«««*#« 

Figure  96  -  Repeated 

M**m****«««*M«*****««****4*«**»««****y*******«**«** 

Does  Die  Dser  also  vent  to  have  the  Standard  Deviations  plotted  around  the  iEAN? 


tandard  Deviations  around  the 


1.  +/“  &>0  Standard  Deviation  (If  Normality  Assumed,  should  Include  68.3  per  cent  of  the  Data) 

2.  +/-  Tvo  Standw'd  Deviations  (If  Normality  Assumed,  should  include  9S.4  per  cent  of  the  Data) 

3.  */-  Three  Standard  Deviatiors  (If  Normality  Assumed,  should  include  99.73  per  cent  of  the  Data) 

Standv'd  Deviation  Dioice:  8 

mym*****yt****«***m*m4m**y*yM*M*m*«mt** 

Figure  97  -  Repeated 

This  exeonple  Is  to  illustrate  Option  2  from  the  menu  of 
Figure  120.  This  Option  will  examine  Innovations  for  ALL 
Tracks  generated  by  a  particular  run  of  a  given  Algorithm  The 
SIGNED  Innovation  choice  is  made  (Figure  96  -  Repeated)  and  the 
0.  DO  NOT  PLOT  Standard  Deviations  Option  Is  chosen  (Figure  97 
Repeated ) . 

Since  ALL  TRACKS  is  chosen,  the  first  items  to  be 
displayed  are  the  TABLES  of  Figures  122,  123,  and  124  on  the 
next  three  pages.  The  first  two  TABLES  list  each  TRACK  which 
has  more  than  one  Associated  Detection  and  then  list  the  MEAN 
Innovation  (either  SIGNED  qx:  ABSOLUTE)  for  each  dimension  and 
the  Standard  Deviation  for  each  of  these  MEAN  Innovations.  The 
TABLE  of  Figure  124  outputs  the  Innovation  MAGNITUDE  based  on 
Latitude  and  Longitude  only. 

After  each  Table  is  displayed,  the  usual  HARD  COPY 
question  is  posed  (Figure  121  below)  and  then  the  plots  of 
Figures  125  and  126  on  page  A-85  are  displayed. 

Do  you  want  to  have  a  HARD  COPY  of  the  above  TABLE? 

1)  YES 

2)  NO  [or  push  <Enter>  TWO  TIMES] 

Figure  121 
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TRACK  DATA  MENU: 


Option  5  Continued 


Track 

Number 

1 

2 

3 

4 

5 

6 
7 
9 

10 

12 

13 

14 

15 

16 

17 

18 
19 
21 
22 

23 

24 

25 

26 

27 

28 

30 

31 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

48 

49 

50 

52 

53 

54 

56 

57 
56 

59 

60 
61 
62 

63 

64 

69 

70 

72 

73 

75 

76 

77 
83 
85 

87 

88 
92 

94 

95 

96 
101 
102 

104 

105 
107 
109 


Number  of 

Associated  Mean  SIGNED  Innovation 


Detects 

Long. 

Lat. 

Alt. 

35 

-9.395e-05 

-0.0008678 

-0.001024 

40 

•0.0003832 

6.809e-05 

0,0001769 

43 

-0.0002115 

0.0005627 

7.056e-05 

15 

-3.815e-05 

2.34e-05 

0.0003227 

29 

-0.0003165 

2,315e-05 

0.000366 

43 

-0.0005873 

0.000442 

-3,269e-05 

40 

-9.975e-05 

2.613e-05 

7.195e-05 

32 

0.0001447 

-9.274e--05 

0.0001907 

45 

0.0002523 

-0.0001342 

0.0001163 

17 

-8.572e-05 

4.757e-05 

-0.0002022 

33 

-0.0002784 

-0.0002762 

0.0001007 

15 

-0.0003606 

0.0005557 

0.0004093 

31 

-9.008e-05 

-0.0004021 

-0.0001989 

36 

-2.713e-05 

0.0007057 

0.0002804 

38 

-0.0001799 

0.001014 

0.0001279 

33 

-2.196e-05 

-0.0004731 

-0.0005157 

36 

-0.000793 

0.002182 

0.0009624 

8 

5.722e-'05 

2.861e-06 

-0.0005766 

40 

-0.0004202 

-0.0002098 

0.000235 

10 

2.365e-05 

-3.242e-05 

-8.106e-07 

21 

2.434e-05 

1.181e-05 

-8.919e-05 

48 

-0.001541 

0.0007892 

0.0005171 

20 

-0.0004311 

0.00135 

0.002023 

13 

-0.002722 

0.0006426 

-0.0003674 

10 

0.0003471 

0,0001175 

-0.0002916 

11 

-7.352e-05 

-0,0002147 

0,001596 

13 

0.0002788 

7,688e-“05 

0.0006784 

32 

-0.0005481 

9.346a-05 

4.657e-07 

42 

0.0008127 

-0.0002405 

-2.132e-05 

35 

9.439e-05 

0,0007669 

0.0001418 

15 

0.0006973 

9.155e-06 

-0.000172 

11 

-0.0002622 

4,543e-05 

0.001684 

27 

0.0001079 

-3.235e-05 

2.378e-05 

43 

-2.466e-05 

0.0002685 

-0.0004812 

38 

0.0002072 

0.0002727 

0.0003114 

30 

0.0001544 

4.056e-05 

9.819e-05 

38 

-0.0004363 

7.198e“05 

-9.888e-06 

44 

-0.0003418 

0.0003353 

0.0002628 

25 

-8.667e-05 

5.478e-05 

9.699e-0S 

23 

0.0006296 

0.0004241 

0.0006182 

25 

2.563e-05 

2.106e-05 

0.0003974 

2 

0.001583 

-4.005e-05 

-4.053e-06 

12 

0.0001329 

1.907e~06 

-0.0002344 

18 

5.51e-06 

4.387e-05 

-0.0001947 

42 

-0.0005502 

0.0005886 

7.055e-05 

48 

-0.001141 

0.001259 

-0,000443 

6 

-7.502e-05 

3o624e-05 

-3.179e-06 

35 

-0.001363 

0.0017 

-5,204e-05 

39 

0.0001831 

-0,0003641 

0.0002415 

11 

-0.0003829 

4.82e-05 

0.001246 

15 

1.373e-05 

1.755e-05 

0.0002806 

11 

-2.705e-05 

3.468e-06 

-0.0002294 

32 

0.0003078 

-0.0004805 

0.0001661 

3 

-1.526e-05 

5.341e-05 

-3.378e-07 

26 

-0.0004765 

0.0002164 

0.001049 

18 

7.078e-05 

6.527e-05 

-5,055e-05 

24 

-0.000138 

0.0006204 

0,0005103 

9 

-6.527e-05 

-7.884e-05 

0.0005374 

2 

-0,003529 

0.001478 

0.0003142 

25 

-0.000173 

0.0005257 

-6.916e-05 

26 

-0.0004642 

-0.0002064 

-0.000405 

14 

-0.00271 

0.0007022 

0.003814 

32 

0.0003834 

-0.000877 

0.0009262 

15 

9.054e-05 

-5.773e-05 

-4.36e-05 

2 

-0.000248 

9.537e-06 

-3.302e-05 

4 

-0.0003757 

0.001352 

-1.347e-05 

14 

-0.002534 

0.001105 

0.003533 

10 

7.629e-07 

-0.0005814 

0,0007139 

7 

0.0005123 

4.905e-05 

-4,564e-06 

4 

-0.0001144 

-3.338e-05 

-0,001238 

4 

-7.629e-06 

1.907e-06 

-1.252e-06 

4 

0.0009117 

-0.0009184 

-7.998e-06 

6 

-0.002528 

-0.0005067 

-0.0008183 

4 

-0.0001163 

-5.722e-05 

-0.000235 

3 

-4.323e-05 

-0.0001272 

0.000148 

3 

-0.000679 

-2.67e-05 

-1.3330-05 

2 

0.001282 

-0.0009003 

3.949e-05 

Figure  122 

A-82 


Standard  Deviations 


Long 
0.002406 
0.002897 
0.00135 
0.0002365 
0.001987 
0.002117 
0.00218 
0.00156 
0.001392 
0.0002704 
0.001131 
0.001141 
0.0009667 
0.0009608 
0.00117 
0.001096 
0.001413 
0.0001112 
0.001001 
0.0001752 
0.0002191 
0.002692 
0.001016 
0.005181 
0.001049 
0.0003224 
0.001412 
0.001462 
0.001267 
0.001545 
0.002765 
0.00143 
0.0007039 
0.001732 
0.002548 
0.00163 
0.001998 
0.003246 
0.0006429 
0.002385 
0.0006943 
0.002239 
0.0006838 
0.0002101 
0.002507 
0.003043 
0.0004389 
0.002789 
0.002199 
0.001372 
0.0002555 
0.0001179 
0.0008331 
3.326e-*05 
0.002425 
0.0002121 
0.001418 
9.227e-05 
0.00499 
0.003338 
0.001166 
0.007605 
0.003955 
0.000836 
0.0003507 
0.0006911 
0.007791 
0.00313 
0.001034 
0.001389 
2-066e-05 
0.001463 
0.00356 
0.0002271 
0.0001025 
0.0006679 
0.001813 


Lat. 

0.002478 

0.001387 

0.001714 

0.0001782 

0.001185 

0.001069 

0.001485 

0.001606 

0.00164 

0.0002549 

0.0007506 

0.001956 

0.001421 

0.001967 

0.00239 

0.001546 

0.003109 

1.628e-05 

0.0008771 

0.0004443 

9.394e-05 

0.001888 

0.002738 

0.001695 

0.0002625 

0.0009996 

0.0006167 

0.001551 

0.000986 

0.002069 

0.001363 

0.001038 

0.0003934 

0.001304 

0.001999 

0.00186 

0.001364 

0.001369 

0.0003118 

0.001645 

0.0006316 

5.665e-05 

0.0001307 

0.0002262 

0.002498 

0.002559 

0.0001129 

0.003546 

0.001279 

0.0006522 

0.0001821 

0.0001228 

0.001322 

0,0002223 

0.001515 

0.0002266 

0.002128 

0.0001873 

0,00209 

0.002138 

0.002535 

0.003304 

0.002951 

0.0002539 

1.349e-05 

0.002934 

0.002604 

0.001113 

0.0001626 

0.0005731 

7.633e-05 

0.000807 

0,001397 

0.0002506 

0.0002039 

0.00016 

0.001273 


Alt. 
0.006483 
0.0007929 
0.001038 
0c003489 
0.001183 
0.0004218 
0.0006303 
0.005058 
0.004035 
0.001575 
0.0005731 
0.003225 
0.007847 
0.00449 
0.00511 
0.00459 
0.005989 
0.002082 
0.004383 
1.416e-05 
0.0003912 
0.005564 
0.007165 
0.00121 
0.001206 
0.002761 
0.003089 
0.005108 
0.005246 
0.001936 
0.002988 
0.003167 
0.003457 
0.004771 
0.001476 
0.004161 
0,0001428 
0.003787 
0.003663 
0.004515 
0.005115 
5,732e-06 
0.001173 
0.002238 
0.0003804 
0.009126 
5.158e-06 
0.001081 
0.001203 
0.003696 
0.002777 
0.003967 
0.0008243 
5.85e-07 
0.004914 
0.003636 
0.001776 
0.0009636 
0.0004444 
0.001889 
0.01003 
0.008696 
0.002629 
0.003336 
4.67e-05 
1.2e-05 
0.0106 
0.003068 
7.987e-06 
0.002182 
1.921e-06 
6,164e~06 
0.002037 
0.0007996 
0.0002284 
0.0001176 
5.584e-05 


TRACK  DATA  MENU:  Option  5 


Continued 

I  I  ■  I...-  —  ' 


Track 

Number  of 
Associated 

Mean 

ABSOLUTE  Innovation 

Standard  Deviations 

Number 

Detects 

Long, 

Lat. 

Alt. 

Long. 

Lat. 

Alt. 

1 

35 

0.001735 

0.001692 

0.004787 

0.002406 

0.002478 

0.006483 

2 

40 

0.002043 

0.0009665 

0.000573 

0.002897 

0.001387 

0.0007929 

3 

43 

0.0009563 

0.001236 

0.0008166 

0.00135 

0.001714 

0.001038 

4 

15 

0.0001592 

0.0001058 

0.0023 

0.0002365 

0.0001782 

0.003489 

5 

29 

0.001364 

0.0009134 

0.0007378 

0.001987 

0.001185 

0.001183 

6 

43 

0.001428 

0.0007392 

0.0002936 

0.002117 

0.001069 

0.0004218 

7 

40 

0.001549 

0.001023 

0.0004569 

0.00218 

0.001485 

0.0006303 

9 

32 

0.001098 

0.001095 

0.003118 

0.00156 

0.001606 

0.005058 

10 

45 

0.001081 

0.001303 

0.003131 

0.001392 

0.00164 

0.004035 

12 

17 

0.0002168 

0.000149 

0.0009221 

0.0002704 

0.0002549 

0.001575 

13 

33 

0.0008568 

0.0004699 

0.0004303 

0.001131 

0.0007506 

0.0005731 

14 

15 

0.0005122 

0.0006523 

0.00187 

0.001141 

0.001956 

0.003225 

15 

31 

0.0006443 

0.0008638 

0.005312 

0.0009667 

0.001421 

0.007847 

16 

36 

0.0007235 

0.001567 

0.003065 

0.0009608 

0.001967 

0.00449 

17 

38 

0.0007726 

0.001895 

0.003717 

0.00117 

0.00239 

0.00511 

18 

33 

0.0006688 

0.0008389 

0.003314 

0.001096 

0.001546 

0.00459 

19 

36 

0.001027 

0.002507 

0.004649 

0.001413 

0.003109 

0.005989 

21 

8 

8.202e-05 

1.144e-05 

0.001282 

0.0001112 

1.628e-05 

0.002082 

22 

40 

0.0007601 

0.0007015 

0.002826 

0.001001 

0.0008771 

0.004383 

23 

10 

0.000132 

0.0002529 

8.607e~06 

0.0001752 

0.0004443 

1.416e-05 

24 

21 

0.0001755 

7.175e-05 

0.0001802 

0.0002191 

9.394e-05 

0.0003912 

25 

48 

0.002117 

0.001381 

0.003478 

0.002692 

0.001888 

0.005564 

26 

20 

0.0005959 

0.001478 

0.004557 

0.001016 

0.002738 

0.007165 

27 

13 

0.003258 

0.001053 

0.0004002 

0.005181 

0.001695 

0.00121 

28 

10 

0.0007515 

0.0001778 

0.000668 

0.001049 

0.0002625 

0.001206 

30 

11 

0.0002483 

0.0007147 

0.001868 

0.0003224 

0.0009996 

0.002761 

31 

13 

0.001092 

0.0004319 

0.001632 

0.001412 

0.0006167 

0.003089 

33 

32 

0.001045 

0.00118 

0.00376 

0.001462 

0.001551 

0.005108 

34 

42 

0.001095 

0.0007847 

0.003368 

0.001267 

0.000986 

0.005246 

35 

35 

0.001139 

0.001542 

0.001256 

0.001545 

0.002069 

0.001936 

36 

15 

0.001615 

0.0008565 

0.001246 

0.002765 

0.001363 

0.002988 

37 

11 

0.0008933 

0.0008091 

0.002231 

0.00143 

0.001038 

0.003167 

38 

27 

0.0005069 

0.0002988 

0.002916 

0.0007039 

0.0003934 

0.003457 

39 

43 

0.001211 

0.001013 

0.003725 

0.001732 

0.001304 

0.004771 

40 

38 

0.001637 

0.001452 

0.001148 

0.002548 

0.001999 

0.001476 

41 

30 

0.001099 

0.001062 

0.003207 

0.00163 

0.00186 

0.004161 

42 

38 

0.001451 

0.0008755 

9.963e-05 

0.001998 

0.001364 

0.0001428 

43 

44 

0.002313 

0.001 

0.002774 

0.003246 

0.001369 

0.003787 

44 

25 

0.0004828 

0.0002388 

0.002847 

0.0006429 

0.0003118 

0.003663 

45 

23 

0.001777 

0.001178 

0.003617 

0.002385 

0.001645 

0.004515 

46 

25 

0.0005188 

0.0004788 

0.003659 

0.0006943 

0.0006316 

0.005115 

48 

2 

0.001583 

4.005e-05 

4.053e-06 

0.002239 

5.665e-05 

5.732e-06 

49 

12 

0.0003541 

8.456e*05 

0.0008649 

0.0006838 

0.0001307 

0.001173 

50 

18 

0.0001462 

0.0001464 

0.001386 

0.0002101 

0.0002262 

0.002238 

52 

42 

0.001669 

0.001808 

0.000227 

0.002507 

0.002498 

0.0003804 

53 

48 

0.001967 

0.001715 

0.004432 

0.003043 

0.002559 

0.009126 

54 

6 

0.0003242 

6.294e-05 

3.497e-06 

0.0004389 

0.0001129 

5.158e-06 

56 

35 

0.002049 

0.002406 

0.0007214 

0.002789 

0.003546 

0.001081 

57 

39 

0.001339 

0.0009509 

0.0008608 

0.002199 

0.001279 

0.001203 

58 

11 

0.001058 

0.0004193 

0.002867 

0.001372 

0.0006522 

0.003696 

59 

15 

0.0001918 

0.0001244 

0.001566 

0.0002555 

0.0001821 

0.002777 

60 

11 

6.173e-05 

8.254e~05 

0.002195 

0.0001179 

0.0001228 

0.003967 

61 

32 

0.0005758 

0.0008627 

0.0005672 

0.0008331 

0.001322 

0.0008243 

62 

3 

2.035e“05 

0.000145 

3.378e-07 

3.326e-05 

0.0002223 

5.85e-07 

63 

26 

0.00153 

0.0009101 

0.003634 

0.002425 

0.001515 

0.004914 

64 

18 

0.0001657 

0.0001729 

0.002428 

0.0002121 

0.0002266 

0.003636 

69 

24 

0.001045 

0.001289 

0.001219 

0.001418 

0.002128 

0.001776 

70 

9 

7.206e-05 

0.0001305 

0.0006752 

9.227e-05 

0.0001873 

0.0009636 

72 

2 

0.003529 

0.001478 

0.0003142 

0.00499 

0.00209 

0.0004444 

73 

25 

0.00198 

0.001449 

0.001243 

0.003338 

0.002138 

0.001889 

75 

26 

0.0008117 

0.001865 

0.007018 

0.001166 

0.002535 

0.01003 

76 

14 

0.005623 

0.002307 

0.005454 

0.007605 

0.003304 

0.008696 

77 

32 

0.003126 

0.002002 

0.002106 

0.003955 

0.002951 

0.002629 

83 

15 

0.0006521 

0.0001818 

0.002259 

0.000836 

0.0002539 

0.003336 

85 

2 

0.000248 

9.537e-06 

3.302e-05 

0.0003507 

1.349e-05 

4.67e-05 

87 

4 

0.0004864 

0.002102 

1.347e-05 

0.0006911 

0.002934 

1.2e-05 

88 

14 

0.004692 

0.002099 

0.005464 

0.007791 

0.002604 

0.0106 

92 

10 

0.002077 

0.001002 

0.001831 

0.00313 

0,001113 

0.003068 

94 

7 

0.0007542 

0.0001068 

6. 5740-06 

0.001034 

0,0001626 

7.987e-06 

95 

4 

0.000885 

0.0003614 

0.001329 

0.001389 

0.0005731 

0.002182 

96 

4 

1.144e-05 

4.768e~05 

1.252e-06 

2.066e-05 

7,633e-05 

1.921e-06 

101 

4 

0.0009117 

0.0009184 

7.998e-06 

0.001463 

0.000807 

6.164e-06 

102 

6 

0.003337 

0.0009632 

0.0008434 

0.00356 

0.001397 

0.002037 

104 

4 

0.000185 

0.0001545 

0.0004695 

0.0002271 

0.0002506 

0.0007996 

105 

3 

6.358e-05 

0.0001272 

0.000148 

0.0001025 

0.0002039 

0.0002284 

107 

3 

0.000679 

0.0001055 

7.802e-05 

0.0006679 

0.00016 

0.0001176 

109 

2 

0.001282 

0.0009003 

3 .9490-05 

0.001813 

0.001273 

5.584e-05 

Figure  123 
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.  Comotit:e  ^Detect Track)  Innovation  for  ALL  TRACKS  >. 


MENU..,Cho1ce; . 

*#*♦*♦**♦*♦**♦**♦*♦«*♦**»***♦♦****♦*♦**♦*♦♦*♦***•♦»*♦*♦ 

Figure  120  -  Repeated 


.EI?RO.R....,MENU.:...:.:,:,:.:™:.:.:.......:............................................^ 

1. comauta  SIGNED  Iftnov&tiQn  CDetocti en  -  Calculated  Tracfc 


nnovation 


_  ompu^e  M AUN 1 1  uui::^  o  r  i  nno^^ax  1  on  ♦  ■ 

4p  Compute  Innovations  in  East'-North-UP  Coordinato  Syat^ 
^  and  Plot  ENU  Innovation  COMPONENTS  and  MAGNITUDE 
ERROR  MENU  CKofcas  2 

3^  4^ «  «s « 1(1  4t  ^  ^  ^  ^  ^  io^ «  ^  4c  j|c  ^  ^  4c  #  jR  4(  4t' ^ 

Figure  127 


Does  the  User  also  want  to  have  tfw  Standard  Deviations  plotted  around  the  MEAtf? 


■.Standard  Deviations  around  the  MEWI _ _ 


{..,  Deviattw^^^^^^  (If  Normality  Assuned,  should;1f»clwfe:::68J:|^.:^c^^  .th(^ ,p^ 

y|:p|>  |i^!^^^-^ndpd.,Oev^  tonaality  As8UB8d/^uw1d1hClui^;^4]^-.iant^i^^ 

3.  ♦/**  Three  Stancbrd  Deviations  (If  Nonaallty  Assumed,  should  Include  99.73  f»r  cwit  of  the  Data) 
Standard  Deviation  Cholcet  8 

Figure  97  -  Repeated 


This  example  is  the  same  as  the  previous  example  (Figures 
125  and  126  on  the  previous  page)  except  this  time  the  ABSOLUTE 
Innovation  is  plotted  rather  than  the  SIGNED  Innovation.  These 
choices  result  in  the  Tables  already  shown  as  Figures  122,  123, 
and  124  as  well  as  the  plots  on  the  next  page  (Figures  128  and 
129). 
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TRACK  Longitude  (Deg.) 


[Latitude  *-  ABSOLUTE  Innovation] 


A-87 


TRACK  DATA  MENU:  Option  5  CQntinUQd~ 


**♦♦»»#*♦*♦**♦♦♦♦♦*♦♦**♦*♦*♦***»♦♦♦♦***♦♦*****♦♦*♦*♦♦*♦ 

MENU  for  (Detection  -  Track)  Innovation: 

t.  Cfanouta  (Detection  -  Track>  Innovation  for  One  Track  ONLY 
I  2«  Compute  (Detection  Track)  Innovation  for  ALL  TRACKS 
MENU  Choice:  2 

***♦****»#****#*»****#*********«♦*»#»*****»*#»»**»•»*** 

Figure  120  -  Repeated 


^m***^******n>****************************************** 

ERROR  MENU:  ^  ^  ^ 

1.  Compute  SIGNED  Innovation  (Detection  -  Calculated  Track) 

2.  Compute  ABSOLUTE  Innovation  ABS(Detectjon  -  Calculated  Track) 


4,  Compute  Innovations-  ln  fcast-Nortn—UP  coordinate  System 
and  Plot  ENU  Innovation  COMPONENTS  and  MAGNITUDE 
ERROR  MENU  Choice:  3 

^m*******************************************^********** 

Figure  130 


Option  5  from  the  TRACK  DATA  MENU  continues  to  be 
exercised.  In  this  case,  the  Innovations  for  all  Tracks  are 
chosen  to  be  displayed  from  Figure  120  —  Repeated  and  the 
Innovation  MAGNITUDE  (using  only  Latitude  and  Longitude)  is 
chosen  from  Figure  130.  These  choices  result  in  the  Tables 
already  shown  as  Figures  122,  123,  and  124  as  well  as  the 
plot  on  the  following  page  (Figure  131). 
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Innovation  MAGNITUDE 


TRACK  DATA  MEHU:  Option  5  Continue^ 


innovation  MAGNITUDES  (Lat.,Long.  ONLY)  for  ALL  Tracks 
JGREEN  =  MEAN  Track  Innovations 


Figure  131 


TRACK  DATA  MENU;  Option  5  gOUtiimM 


***#*»*«»*»*»»#*#»*#.******#*«**»♦»**»***#****»**»»**»** 

MENU  for  (Detect ion  -  Track)  Innovation; 

I.  Compute  (Detection  -  Track)  Innovation  for  One  Track  ONLY 
Compute  (Detection  ~  track)  innovation  for  ALL  IKAUKi*  | 

MENU  Choice;  '2 -  ^ 

#*»♦»♦♦♦♦♦#*♦♦♦*»#♦♦***♦*****♦»*♦*♦*♦**♦**»♦♦*♦**♦***♦♦ 

Figure  120  —  Repeated 


*  « lie  ^  *  it  *  *  *  Ik  ^  *  jfc  Jif  *  3*  *  <1 3*p  *  *  ^  *  *  «  *  ^  *  <{  3lt  *  ♦  afc  *  5*  lie  *  if  *  Ht  m  * 

Ei^POR  HEMU  t 

1.  Depute  SIGNED  Innovation  (Detection  -  Calculated  Track) 

2.  Compute  ABSOLUTE  Innovation  ABS<0etect1on  -  Calculated  Track) 

3.  Compute  MAGNITUDE  of  Innovation  (Lat.  &  Long.  ONLV) 

. 41 . Compute  Innovations  "Tn  ta«t-Narih-UH  Coordinate  yustero 

and  Plot  ENU  Innovation  COMPONENTS  and  MAGNITUDE _ 

tHHUH  MENU  Choice'; — ^ -  ■” 

i(f  if  ar  *  it  1R  it  ii  it  #  m  if  it  it  it  it  iRi^f  it  it  ic  it  m  if  ii  if  it  j*  if  i<  it »  it  itif  it  it » ii  it  Jk  ic  itik  if  it  it  it »  i«  if  ¥  Ik  it 

Figure  109  -  Repeated 


a****************************************************** 

ENU  Component  ERROR  MENU: _ 

1.  Compute  SIGNED  ENU  Innovation _ 

^  T.  Compute  ABSULUI t  ENU  Innovafion 
ENU  Component  ERROR  MENU  Choice:  1 

#:!{****♦**»*****  *♦*###  Jit####  ♦♦*#*♦♦*♦*♦#♦  *♦*♦**♦** 


Figure  110  —  Repeated 


When  invoking  Option  5  from  the  TRACK  DATA  MENU,  the  User 
has  the  Option  of  observing  the  East-North-Up  Innovations  for 
ALL  TRACKS  created  by  a  particular  Algorithm  (Figures  120, 

109,  and  110  above).  Tables  are  first  displayed  at  the  User's 
shell  which  svimmarize  the  SIGNED  and  ABSOLUTE  innovations 
(Figures  132,  133,  and  134  on  the  next  three  pages)  and  then 
the  plots  will  be  displayed  via  XGobi  (Figures  135,  136,  137, 
and  138  for  the  SIGNED  ENU  Innovations  and  Figures  139,  140, 
and  141  for  the  ABSOLUTE  ENU  Innovations). 


A-90 


TEt&CK  DATA  UEND:  Cation  5  Continued 


Track 

Number  of  Mean  SIGNED  Innovation 

Associated  Con^nents 

page  1 

Standard  Deviations 

Number 

Detects  BAST  NORTH 

UP 

BAST 

NORTH 

UP 

1 

35 

-3.65e-05  --1.626e-05 

-0.001024 

0.0001056 

0.0004162 

0.00648: 

2 

40 

1.593e-06  -3.569e-0S 

0.0001769 

2. 980-05 

0.0002698 

0.000792< 

3 

43 

1.717e~05  -2.642e-05 

7.056e-05 

5. 240-05 

0.0001688 

0.00103( 

4 

15 

1.139e-07  -7.68e-07 

0.0003227 

8.6870-07 

4. 63 10-06 

0.00348< 

5 

29 

1.158e-06  -5.809e-05 

0.000366 

4. 9620-05 

0.0003646 

0.00118: 

6 

43 

1.614e“05  -9.528e-05 

-3.27e-05 

3. 9170-05 

0.0003435 

0.000421( 

7 

40 

9,999e-07  “l,726e-05 

7.1950-05 

6.035O-05 

0.000377 

0.000630: 

9 

32 

-1.628e-06  1.158e-05 

0.0001907 

2. 8820-05 

0.0001251 

0.00505{ 

10 

45 

-6. 6520^07  6.762e-06 

0.0001163 

1.103e-05 

3.999e-05 

0.00403! 

12 

17 

6,466e-08  -4.731e-07 

-0.0002022 

3.2710-07 

1.4880-06 

0.00157! 

13 

33 

-3,701e-06  -1.659e-05 

0.0001007 

le-05 

6.7390-05 

0.0005731 

14 

15 

6,547e-06  -1.815e-*05 

0.0004093 

2. 2430-05 

5. 2440-05 

0.00322! 

15 

31 

«2.008e-06  -2.521e-06 

-0.0001989 

6. 2960-06 

1.9210-05 

0.00784: 

16 

36 

1.097e-05  -1.362e-06 

0.0002804 

3.027O-05 

5. 9320-05 

0. 00441 

17 

38 

7.863e-06  ~5.923e-06 

0.0001279 

1. 850-05 

3.8190-05 

0.0051: 

18 

33 

"4.306e-06  -1.218e-06 

-0.0005157 

1.4130-05 

4.609O-05 

0.0045! 

19 

36 

3.213e-05  -4.716e-05 

0.0009624 

4. 6420-05 

8 .4910-05 

0.005981 

21 

8 

5.459e-09  4 .0680-07 

-0.0005766 

2.062e-08 

8.201e-07 

0.00208: 

22 

40 

-6.6e-07  -5.878e-06 

0.000235 

2.7360-06 

1. 3910-05 

0.00438: 

23 

10 

-2.361e-07  7.044e-07 

-8.106O-07 

3.236e-06 

5.2180-06 

1.416e-0! 

24 

21 

4.004e-oe  3.365e-07 

-8. 9190-05 

3.1710-07 

3.03O-06 

0.000391: 

25 

48 

7.608e-06  -6.226e-05 

0.0005171 

1. 8180-05 

0.0001085 

0.00556^ 

26 

20 

1.48e-05  -1.885e-05 

0.002023 

3.061O-05 

4. 290-05 

0.00716! 

27 

13 

1 .180-05  -0.0002042 

-0.0003674 

3.109O-05 

0.0003886 

0.0012: 

28 

10 

1.009e-06  1.189e-05 

-0.0002916 

2.2570-06 

3.6030-05 

0«00120( 

30 

11 

-5.065e-07  -4.866e-07 

0.001596 

1.709e-06 

2.294e-06 

0.00276: 

31 

13 

2.892e-07  2.344e-06 

0.0006784 

2.1270-06 

1.9860-05 

0.003081 

33 

32 

3.691e-07  -1.143e-05 

4. 6520-07 

7.95e-06 

3.1070-05 

0.00510( 

34 

42 

-4 . 298e-06  6 . 287e-05 

-2. 1320-05 

1.7740-05 

9.7990-05 

0.00524< 

35 

35 

2.039e-05  1.03O-05 

0.0001418 

5. 4860-05 

0.0001684 

0.00193< 

36 

15 

3.58e-07  0.0001201 

-0.0001721 

5. 9980-05 

0.0004764 

0.00298( 

37 

11 

4.641e-07  -8.504e-06 

0.001684 

6.408O-06 

3.808e-05 

0.00316' 

38 

27 

-1.421e-07  2.173e-06 

2.3780-05 

1. 4540-06 

1.267e-05 

0.00345' 

39 

43 

1.194e-05  -6.044e-07 

-0.0004812 

5.935e-05 

0.0003309 

0.00477: 

40 

38 

1.223e-05  3.807e-05 

0.0003114 

8.906e-05 

0.0004677 

0.00147( 

41 

30 

1.268e-06  7.699e-06 

9. 8190-05 

3.1940-05 

0.000111 

0.00416: 

42 

38 

1.707e-06  -4.526e-05 

-9.8920-06 

3.2420-05 

0.0002073 

0.000142( 

43 

44 

1.411e-05  -5.795e-05 

0.0002628 

5.8260-05 

0.0005856 

0.00378: 

44 

25 

1.133e-07  -1.146e-06 

9.6990-05 

9.1780-07 

9.3790-06 

0.00366: 

45 

23 

1.018e-05  6.443e-05 

0.0006182 

3.9720-05 

0.0002384 

0.00451! 

46 

25 

6.429e-08  2.203e-07 

0.0003974 

1.6650-06 

7.7120-06 

0.00511! 

48 

2 

-4.3980-07  6.83e-05 

-4.055O-06 

6.22e-07 

9.659e-05 

5.735e-0< 

49 

12 

1.365e-08  6.258e-06 

-0.0002344 

1. 4960-06 

3.138e-05 

0.00117: 

50 

18 

8.124e-08  4.172e-08 

-0.0001947 

4.170-07 

1.4910-06 

0.002231 

52 

42 

3.29e-05  -0.0001302 

7.0540-05 

0.0001374 

0.0005935 

0.000380^ 

53 

48 

2.271e-05  -8.556e-05 

-0.0004431 

4. 6180-05 

0.0002275 

0.00912( 

54 

6 

2. 320-07  -2.035e-06 

-3. 1790-06 

7.2330-07 

1.1910-05 

5.158e-0< 

56 

35 

7.813e-05  -0.00025 

-5.206e-05 

0.0001631 

0.0005117 

0.00108: 

57 

39 

-1.545e-05  3.166e-05 

0.0002415 

5. 4110-05 

0.0003801 

0.00120: 

58 

11 

-1.455e-07  -3.727e-06 

0.001246 

1.7290-06 

1.896e-05 

0. 003691 

59 

15 

2.427e-08  7.35e-08 

0.0002806 

2.5110-07 

1.4780-06 

0.00277: 

60 

11 

-1.279e-08  -6.128e-07 

-0.0002294 

3. 3460-07 

2.401e-06 

0.00396: 

61 

32 

-1.807O-05  5.319e-05 

0.0001661 

4.950-05 

0.000144 

0.000824: 

62 

3 

6.775e-08  -8.098e-08 

-3.3780-07 

2.8210-07 

1.7650-07 

5.85e-0: 

63 

26 

7.66e-06  -5.57e-05 

0.001049 

5.1430-05 

0.0003223 

0.00491^ 

64 

18 

9.281e-08  3.845e-07 

-5.0550-05 

3.102e-07 

1.248e-06 

0.003631 

69 

24 

9.018e-06  -8.063e-06 

0.0005103 

3.091e-05 

8.293e-05 

0.001771 

70 

9 

-7.279e-08  -2,413e-07 

0.0005374 

1.75e-07 

3.382e-07 

0.0009631 

72 

2 

4.59e-05  -0.0005109 

0.0003142 

6.491e-05 

0.0007225 

0.000444^ 

73 

25 

1.925e-05  -2.528e-05 

-6.9170-05 

7. 8620-05 

0.0004881 

0.001881 

Track 

Number  of  Mean  SIGNED  Innovation 

Associated  Con^nents 

page  2 

Standard  Deviations 

Number 

Detects  EAST  NORTH 

UP 

EAST 

NORTH 

UP 

75 

26 

-1.79e-06  -2.519e-05 

-0.000405 

2.655e-05 

5.925e-05 

o.oloo: 

76 

14 

2.093e-05  -0.0003655 

0.003814 

9.6550-05 

0.001032 

0.008691 

77 

32 

-4.01e-05  7.072e-05 

0.0009261 

0.0001354 

0.0007283 

0.002621 

83 

15 

-1.372e-07  9.478e-07 

-4. 360-05 

7.013e-07 

1.039e-05 

0.003331 

85 

2 

4.167e— 08  — 4.616e— 06 

-3.302e-05 

5.893e-08 

6.529e-06 

4.67e-0! 

87 

4 

1.221e-05  -1.615e-05 

-1.347e-05 

2.648e-05 

2.971e-05 

1.2e-0! 

88 

14 

2.428e-05  -0.0002338 

0.003533 

6.10-05 

0.0007956 

0.0101 

92 

10 

-1.369e-06  -3.713e-07 

0.0007139 

2.6170-06 

3.436e-05 

0.003061 

94 

7 

4.2730-07  1.774e-05 

-4.5640-06 

1. 420-06 

3.582e-05 

7.987e-01 

95 

4 

-6.1360-07  -7.941e-06 

-0.001238 

8.3880-06 

8.0130-05 

0.00218: 

96 

4 

1.391e-08  -2.272e-07 

-1. 2520-06 

5. 5630-07 

6. 15 40-07 

1. 9210-01 

101 

4 

-4.4e-07  1.982e-06 

-7. 9980-06 

3. 8660-07 

3. 180-06 

6.164e-0l 

102 

6 

-1.865e-05  -0.0003774 

-0.0008183 

5.135e-05 

0.0005323 

0.00203: 

104 

4 

-3.031e-07  -2.537e-06 

-0.000235 

1.325e-06 

4.952e-06 

0.0007991 

105 

3 

-1.515e-07  -2.233e-07 

0.000148 

2.4920-07 

4.736e-07 

0.000228^ 

107 

3 

-5.485e-08  -8.806e-06 

-1. 3330-05 

4.6730-07 

8.2430-06 

0.0001171 

109 

2 

-2 . 077e-06  1 - 372e-05 

3.949e-05 

2.938e-06 

1.94e-05 

5.584e-0! 

Figure  132 
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Number 

of  Mean  ABSOLUTE  Innovation 

page  3 

Track 

Associated 

Components 

Standard  Deviations 

Number 

Detects  BAST 

NORTH 

UP 

BAST 

NORTH 

UP 

1 

35 

7.21e-05 

0.0003001 

0.004787 

0,0001056 

0.0004162 

0,006483 

2 

40 

2.082e-05 

0.0001902 

0.000573 

2.98e-05 

0.0002698 

0.0007929 

3 

43 

3.771e-05 

0.0001195 

0.0008166 

5.24e-05 

0,0001688 

0.001038 

4 

15 

5.159e-07 

3.131e-06 

0.0023 

8.687e-07 

4. 6310-06 

0.003489 

5 

29 

3.813e-05 

0.0002504 

0.0007378 

4.962e-05 

0.0003646 

0.001183 

6 

43 

2.711e-05 

0.0002317 

0,0002936 

3.917e-05 

0.0003435 

0.0004218 

7 

40 

4.132e-0S 

0.0002677 

0.0004569 

6.035e-05 

0.000377 

0.0006303 

9 

32 

l,962e-05 

8 ,8080-05 

0.003118 

2.882e-05 

0,0001251 

0.005058 

10 

45 

8 ,6570-06 

3.066e-05 

0.003131 

1.103e-05 

3.9990-05 

0.004035 

12 

17 

1.957e-07 

1.205e-06 

0,0009221 

3.271e-07 

1.4880-06 

0.001575 

13 

33 

6.268e-06 

5.104e-05 

0.0004303 

10-05 

6. 7390-05 

0.0005731 

14 

15 

7.033e-06 

2.076e-05 

0,00187 

2.2430-05 

5. 2440-05 

0.003225 

15 

31 

3.129e-06 

1.047e-05 

0.005312 

6,2960-06 

1,9210-05 

0.007847 

16 

36 

2.396e-05 

4.514e-05 

0.003065 

3.027O-05 

5,932e-05 

0,00449 

17 

38 

1.467e-05 

2.521e-05 

0.003717 

1,850-05 

3.819e-05 

0.00511 

18 

33 

7.606e-06 

2.767e-05 

0,003314 

1.413,-05 

4.609e-05 

0.00459 

19 

36 

3.665e-05 

6.011e-05 

0,004649 

4.642e-05 

8.491e-05 

0.005989 

21 

8 

1.346e-08 

5,133e-07 

0.001282 

2.0620-08 

8.201e-07 

0.002082 

22 

40 

2.19e-06 

1.056e-05 

0.002826 

2.7360-06 

1.3910-05 

0.004383 

23 

10 

1 ,8420-06 

3.931e-06 

8.607e-06 

3.236e-06 

5.2180-06 

1.416e-05 

24 

21 

2,42e-07 

2.426e-06 

0.0001802 

3. 17 10-07 

3.03e-06 

0.0003912 

25 

48 

l,33e-05 

8.523e-05 

0,003478 

1. 8180-05 

0.0001085 

0.005564 

26 

20 

l«594e-05 

2.515e-05 

0.004557 

3.061O-05 

4.29e-05 

0.007165 

27 

13 

1.934e-05 

0.0002444 

0.0004002 

3.1090-05 

0.0003886 

0.00121 

28 

10 

l,527e-06 

2.581e-05 

0.000668 

2.257e-06 

3.603e-05 

0.001206 

30 

11 

1.112e-06 

1.572e-06 

0.001868 

1.709e-06 

2.294e-06 

0.002761 

31 

13 

1.359e-06 

1.463e-05 

0.001632 

2.1270-06 

1,9860-05 

0.003089 

33 

32 

5 ,7880-06 

2,205e-05 

0,00376 

7.95e-06 

3.107.-05 

0.005108 

34 

42 

lo412e-05 

8.465e-05 

0,003368 

1,7740-05 

9.799e-05 

0.005246 

35 

35 

4.088,-05 

0.0001242 

0,001256 

5. 4860-05 

0.0001684 

0.001936 

36 

15 

3.774e-05 

0,0002782 

0.001246 

5. 9980-05 

0.0004764 

0.002988 

37 

11 

4.789e-06 

2o275e-05 

0.002231 

6.408e-06 

3.808O-05 

0.003167 

38 

27 

1.083e-06 

8o549e-06 

0,002916 

1.4540-06 

1.2670-05 

0.003457 

39 

43 

4,621e-05 

0.000234 

0.003725 

5. 9350-05 

0.0003309 

0.004771 

40 

38 

6.465e-05 

0.0003005 

0.001148 

8.906O-05 

0.0004677 

0»001476 

41 

30 

l,809e-05 

7.371e-05 

0.003207 

3.1940-05 

0.000111 

0.004161 

42 

38 

2.077e-05 

0.0001505 

9.963e-05 

3. 2420-05 

0.0002073 

0.0001428 

43 

44 

4.25e-05 

0.0004161 

0,002774 

5. 8260-05 

0.0005856 

0.003787 

44 

25 

7.195e-07 

6.905e-06 

0,002847 

9. 1780-07 

9,3790-06 

0.003663 

45 

23 

2.846e-05 

0.0001772 

0.003617 

3.9720-05 

0.0002384 

0,004515 

46 

25 

l,227e-06 

5.594e-06 

0.003659 

1.6650-06 

7.712e-06 

0.005115 

48 

2 

4,398e-07 

6.83e-05 

4.055e-06 

6. 220-07 

9.659e-05 

5.7350-06 

49 

12 

9o595e-07 

1.598e-05 

0.0008649 

1.496e-06 

3.1380-05 

0.001173 

50 

18 

2.687e-07 

1.056e-06 

0.001386 

4. 170-07 

1.4910-06 

0.002238 

52 

42 

0.0001001 

0.0003951 

0.000227 

0.0001374 

0.0005935 

0.0003804 

53 

48 

3.111e-05 

0.0001465 

0.004432 

4. 6180-05 

0.0002275 

0.009126 

54 

6 

4.033e-07 

8.797e-06 

3.497e-06 

7. 2330-07 

1.1910-05 

5.158e-06 

56 

35 

0.0001109 

0.0003759 

0.0007214 

0.0001631 

0.0005117 

0.001081 

57 

39 

4.014e-05 

0,0002315 

0.0008608 

5.4110-05 

0.0003801 

0.001203 

58 

11 

l,138e-06 

1.447e-05 

0.002867 

1.7290-06 

l,896e-05 

0.003696 

59 

15 

l,719e-07 

1.105e-06 

0,001566 

2.511e-07 

1.478e-06 

0.002777 

60 

11 

2,438e-07 

1.041e-06 

0.002195 

3,346e-07 

2.401e-06 

0.003967 

61 

32 

3.243e-05 

9.953e-05 

0.0005672 

4.95e-05 

0.000144 

0.0008243 

62 

3 

lo839e-07 

1.08e-07 

3.378e-07 

2.821e-07 

1.765e-07 

5.85e-07 

63 

26 

3.016e-05 

0,0001998 

0.003634 

5.143e-05 

0.0003223 

0.004914 

64 

18 

2.33e-07 

9.274e-07 

0.002428 

3.102e-07 

1.2480-06 

0.003636 

69 

24 

l,876e-05 

6.109e-05 

0.001219 

3. 09 10-05 

8,293e-05 

0.001776 

70 

9 

lol99e-07 

2.585e-07 

0.0006752 

1. 750-07 

3.382e-07 

0.0009636 

72 

2 

4.59e-05 

0.0005109 

0.0003142 

6.4910-05 

0.0007225 

0.0004444 

73 

25 

5,335e-05 

0.0002895 

0.001243 

7.862e-05 

0.0004881 

0.001889 

Number 

of  Mean  ABSOLUTS  Innovation 

page  4 

Track 

Associated 

Components 

Standard  Deviations 

Number 

Detects  BAST 

NORTH 

UP 

EAST 

NORTH 

UP 

75 

26 

1.905e-05 

3.954e-05 

0.007018 

2.6550-05 

5.9250-05 

0.01003 

76 

14 

6,784e-05 

0.000766 

0.005454 

9,6550-05 

0.001032 

0.008696 

77 

32 

9.195e-05 

0.0005755 

0.002106 

0.0001354 

0.0007283 

0.002629 

83 

15 

5.103e-07 

8,209e-06 

0.002259 

7.013e-07 

1.039e-05 

0.003336 

85 

2 

4.167e-08 

4.616e-06 

3.302e-05 

5.893e-08 

6.529e-06 

4.67e-05 

87 

4 

1.898e-05 

2.091e-05 

1.347e-05 

2.648e-05 

2.971e-05 

1.2e-05 

88 

14 

4.965e-05 

0.0004893 

0.005464 

6  •  le— 05 

0.0007956 

0.0106 

92 

10 

2.395e-06 

2.283e-05 

0.001831 

2.617e-06 

3.436e-05 

0.003068 

94 

7 

9.329e-07 

2.612e-05 

6.574e-06 

1.42e-06 

3.582e-05 

7.987e-06 

95 

4 

5.253e-06 

5.056e-05 

0.001329 

8,388e-06 

8.013e-05 

0.002182 

96 

4 

3.475e-07 

3.409e-07 

1.252e-06 

5.563e-07 

6.154e-07 

1.921e-06 

101 

4 

4.4e-07 

1.962e-06 

7.998e-06 

3.866e-07 

3.18e-06 

6 . I64e— 06 

102 

6 

3.543e-05 

0.0004992 

0.0008434 

5.135e-05 

0.0005323 

0.002037 

104 

4 

8.169e-07 

4.034e-06 

0.0004695 

1.3250-06 

4.9520-06 

0.0007996 

105 

3 

l,515e-07 

2.882e-07 

0,000148 

2,492e-07 

4.736e-07 

0.0002284 

107 

3 

3.099e-07 

8.806e-06 

7,802e-05 

4.6730-07 

8.243e-06 

0.0001176 

2 

2.077e-06 

1.372e-05 

3.949e-05 

2.938e-06 

1.94e-05 

5.584e-05 

Figure  133 
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TRACK  DATA  MENU:  Option  5 


Number  of 
Track  Associated 
Number  Detects 

35 
40 
43 
15 

29 
43 
40 

1 

32 
45 

1 

17 

33 
15 

31 

36 
38 
33 
36 

1 
8 
40 
10 
21 
48 
20 
13 
10 
1 

11 
13 
1 

32 

42 
35 
15 
11 
27 

43 
38 

30 

38 

44 
25 
23 
25 

1 
2 

12 

18 
1 

42 
48 
6 
1 
35 

39 
11 
15 
11 
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Innovation  MAGNITUDE 
[BNU  Components] 
0.004975 
0.0006437 
0.0008708 
0,002464 
0.0008723 
0.0004467 
0.0006002 
0 

0.003229 

0.003203 

0 

0.0009798 

0.0004553 

0.002004 

0.005489 

0.003161 

0.003818 

0.003418 

0.004786 

0 

0.001465 

0.002899 

1.167e-05 

0.0001898 

0.003587 

0.004798 

0.0006478 

0.0007563 

0 

0.002055 

0.001774 

0 

0.003882 

0.003467 

0.001335 

0.001585 

0.002462 

0.003031 

0.00386 

0.001274 

0.003321 

0.0002056 

0.002967 

0.002966 

0.003825 

0.003813 

0 

0.0001368 

0.0009511 

0.001468 

0 

0.00054 

0.004554 

1.219e-05 

0 

0.0009482 

0.0009901 

0.003154 

0.001678 

0.002415 


Track 

Number  of 
Associated 
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Innovation  MAGNITUDE 

Number 

Detects 

ENU  Con^nents 

61 

32 

0.0006123 

62 

3 

6.484e-07 

63 

26 

0.003836 

64 

18 

0.002571 

65 

1 

0 

66 

1 

0 

67 

1 

0 

68 

1 

0 

69 

24 

0.001298 

70 

9 

0.0007596 

71 

1 

0 

72 

2 

0.001203 

73 

25 

0.001441 

74 

1 

0 

75 

26 

0.007299 

76 

14 

0.006006 

77 

32 

0.002322 

78 

1 

0 

79 

1 

0 

80 

1 

0 

81 

1 

0 

82 

1 

0 

83 

15 

0.002421 

84 

1 

0 

85 

2 

6.668e-05 

86 

1 

0 

87 

4 

4.206e-05 

88 

14 

0.005992 

89 

1 

0 

90 

1 

0 

91 

1 

0 

92 

10 

0.002036 

93 

1 

0 

94 

7 

3.377e-05 

95 

4 

0,001778 

96 

4 

1.827e-06 

97 

1 

0 

98 

1 

0 

99 

1 

0 

100 

1 

0 

101 

4 

1.119e-05 

102 

6 

0.001527 

103 

1 

0 

104 

4 

0.0006265 

105 

3 

0.000222 

106 

1 

0 

107 

3 

0.0001179 

108 

1 

0 

109 

2 

8.371e-05 

110 

1 

0 
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TRACK  DATA  MENU:  Option  5  Continued 


^ast-North-Up  Innovations  for  ALL  Tracks 
^QREEN  s  MEAN  SIGNED  Track  Innovations 


Track  Number^  _ 

Figure  135 


_ _ ■  - - 

:omputed  Tracks  ENU  "Signed”  Innovation  East  Conqponent] 


[Computed  Tracks  ENU  "Signed"  Innovation  North  Component] 


A-94 


TRACK  DATA  MENU:  Option  5  Continued 


^ast-North-Up  Innovations  for  ALL  Tracks 
jQREEN  =  MEAN  SIQNED  Track  Innovations 


Figure  137 

(Computed  Tracks  ENU  "Signed”  Innovation  Up  Component] 


Figure  138 

[Computed  Tracks  ENU  MAGNITUDE] 
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»#*****»*•##**#*«»*»**»*»*»«*#*»**»******’•'**’****•**•*■*** 

ERROR  MENU:  _  ,  «  *  ,  .  *  *  x 

1.  Compute  SIGNED  Innovation  COetection  -  Calculated  Track) 

2,  Canpute  ABSOLUTE  Innovation  ABS<Detection  -  Calculated  Track) 
a. Compute  MAGNITUDE  of  Innovation  (Lat.  &  Long.  ONLY) 


oi-ce.;.......-.-...-: .  . . . . .  . . . . 


Figure  109  —  Repeated 


ENU  Component  ERROR  MENU: 

1 .  Compute  SIGNED  ENU  Innovation 


2. Compute  ABSOLUTE  ENU Innovation 


omponent  ERROk  MENU Choice: 4  .  ^ 

♦*********************a*******4t**********##**#a#*a**#** 

Figure  115  —  Repeated 


Figure  139 

[Computed  Tracks  ENU  "Absolute"  Innovation  East  Component] 

A-96 


Figure  140 


[Computed  Tracks  ENU  "Absolute"  Innovation  North  Component] 


Figure  141 

[Computed  Tracks  ENU  "Absolute"  Innovation  Up  Component] 
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TRACK  DATA  MENU:  Option  6 


Tr-ack  ffata  rt'EHttJ  2:  ■ . 

■«,  (H.UrrTracks, 

.  flv.  fkjtput  Tabliis  by  Tf^ck  NuB^wrs  containing  . 

■  -ff.  Mtrilimia.  t1n»  afuj  Kaxloii^ 
b.,  (fenge  of  Track  Cowrblnates 
2.  PLOT  One  Track 
r3,:  .WiOT  One  Trac^t  anil  Asi^ 

4-  ROT  Association  5ost 

5.  COMPtiTg  TAfflU  Aft  Summary  of  innovatian  fOetectionfi,-  Track)  along  tilth  corresponding  plot, 
1 6,  {HITPUT  a  Tabte  of  Taroet  10  vs.  Associated  Tradts  t 
^  7i  kOT  Track  Covariances  vs.  Time- 
8.  ROT  Covariance  Ellipses  for  Detections  vs.  Tracks 
8,  PRIlir  OUT  (by  titte  tick)  Selected  Data  Corrssponding  to  a  ParticaUr  Track 
18,  ROT  ALL  Tra<^  Points  CorrespwwIIng  to  a  Particular  Target  ID 

11,  ROT  Velocity  by  Track  . 

12,  TRANSFER  to  Scan  Data  Henu 

13,  QUIT 
MEWJ  Choice:  B 


Figure  141 


Option  6  results  in  a  Tabular  Display  of  all  Target  ID 
Numbers  (sorted  in  numerical  order)  and  Track  Numbers  which 
have  been  associated  by  the  Algorithm  with  that  particular 
Target  ID.  (Figure  142  on  the  next  page.) 
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TRACK  DATA  MENU:  Option  6  Continued 


Table  of  Target  ID  vs.  Associated  Tracks 


Target  88  was  Associated  with  Tracks 
Target  112  was  Associated  with  Tracks 
Target  117  was  Associated  with  Tracks 
Target  139  was  Associated  with  Tracks 
Target  149  was  Associated  with  Tracks 
Target  161  was  Associated  with  Tracks 
Target  193  was  Associated  with  Tracks 
Target  204  was  Associated  with  Tracks 
Target  299  was  Associated  with  Tracks 
Target  300  was  Associated  with  Tracks 
Target  321  was  Associated  with  Tracks 
Target  427  was  Associated  with  Tracks 
Target  623  was  Associated  with  Tracks 
Target  640  was  Associated  with  Tracks 

Target  642  %ras  Associated  with  Tracks 
Target  705  was  Associated  with  Tracks 
Target  837  was  Associated  with  Tracks 
Target  871  was  Associated  with  Tracks 
Target  863  was  Associated  with  Tracks 
Target  916  was  Associated  with  Tracks 
Target  980  %raa  Associated  with  Tracks 
Target  1058  was  Associated  with  Tracks 
Target  1068  was  Associated  with  Tracks 
Target  1073  was  Associated  with  Tracks 
Target  1085  was  Associated  with  Tracks 
Target  1162  was  Associated  with  Tracks 
Target  1163  was  Associated  with  Tracks 
Target  1164  was  Associated  with  Tracks 
Target  1183  was  Associated  with  Tracks 
Target  1215  was  Associated  with  Tracks 
Target  1521  liras  Associated  with  Tracks 
Target  1530  was  Associated  with  Tracks 
Target  1557  was  Associated  with  Tracks 
Target  1692  was  Associated  with  Tracks 
Target  1762  was  Associated  with  Tracks 
Target  1764  was  Associated  with  Tracks 
Target  1778  was  Associated  with  Tracks 
Target  1800  was  Associated  with  Tracks 
Target  1813  was  Associated  with  Tracks 
Target  1895  was  Associated  with  Tracks 
Target  1940  was  Associated  with  Tracks 
Target  2059  was  Associated  with  Tracks 
Target  2089  was  Associated  with  Tracks 
Target  2109  was  Associated  with  Tracks 
Target  2111  was  Associated  with  Tracks 
Target  2127  was  Associated  with  Tracks 
Target  2133  was  Associated  with  Tracks 
Target  2142  was  Associated  with  Tracks 
Target  2373  was  Associated  with  Tracks 
Target  2438  was  Associated  with  Tracks 
Target  2494  was  Associated  with  Tracks 
Target  2805  was  Associated  with  Tracks 
Target  2810  was  Associated  with  Tracks 
Target  2891  was  Associated  with  Tracks 
Target  2900  was  Associated  with  Tracks 
Target  2931  was  Associated  with  Tracks 
Target  3019  %«is  Associated  with  Tracks 
Target  3050  was  Associated  with  Tracks 
Target  3051  was  Associated  with  Tracks 
Target  3089  was  Associated  with  Tracks 
Target  3255  was  Associated  with  Tracks 
Target  3478  was  Associated  with  Tracks 
Target  3482  was  Associated  with  Tracks 
Target  3501  was  Associated  with  Tracks 
Target  3812  was  Associated  with  Tracks 
Target  3877  was  Associated  with  Tracks 
Target  3887  was  Associated  with  Tracks 
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Figure  142 
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TRACK  DATA  MENU:  Option  7 

PLOT  Track  Covariances  Submenu:  Option  1 

Twick'^bata  MENU 

3  jf  PtfcflT  'TpscRs 

l-  Output  Tables  by  Track  NuMaers  containing  Number  of  Associated  Detections  and: 

a.  Minimum  time  and  MaMimum  time 

b.  Rang#  of  Track  Coordinates 

2.  aOT  One  Track 

3.  R.0T  One  Track  and  Associated  Detections 

4.  R.QT  Association  Cost  *  . ,  ,  ji  i 

5.  CGWWE  TABULAR  Subaru  of  Innovation  (Detections  -  Track)  along  with  corresponding  plot. 

6.  OFfPUT  a  Table  of  Target  ID  vs.  Associated  Tracks 

■1'/! . PLOI  I  rack  Uovanances  vs.  iimel  • 

8.  PLOt  Covarknce  Ellipses  for  Detections  vs.  Tracks 

g.  PRINT  fWT  (by  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track 

10,  PLOT  Ay.  Track  Points  Corresponding  to  a  Particular  Target  10 

11,  PLOT  Velocity  by  Track 

12,  TRANSFOl  to  Scan  Data  Menu 

MENU  Choice:  7 

Figure  143 


♦###♦♦**#*♦♦♦#*»♦♦»♦***»♦♦♦**♦♦****#*♦♦#*******♦***♦*♦♦ 
INPUT  Track  Number  to  be  Viewed:  5 
#####*#♦*#♦*#♦♦*♦♦*»*»»***♦**♦*#♦***#♦*#####*##*♦##♦#*♦ 

Figure  144 


PLOT  Track  Covariances  Submenu: 


L  kOISMO  * Interaction'  Covariances  and  PLOT  Variances  *  lb  values!^ . 

2,  DISREGARD  'Interaction'  Covariances  and  PLOT  Standard  Deviations  -  [3  values  Wj  ^ 

3.  'OISECNALIZE'  Variances  bj|  Utilizing  Interaction  Covariances  and  Plot  Variances  -  [3  values] 

i.  'DlilMLIZE'  Variances  bg  Utilizing  interaction  Covariances  and  Plot  Standard  Deviations  -  [3  values] 

PLOT  Track  Covariances  Submenu  Choice:  1 

Figure  145 


Option  7,  PLOT  Track  Covariances  vs.  Time  is  the  next 
Option  to  be  illustrated.  Four  Track  Covariance  Submenu 
Choices  are  currently  available  (Figure  145).  A  theoretical 
discussion  of  these  Options  might  be  helpful  to  the  User  and 
will  be  provided  in  the  future.  [The  construction  of  the 
Covariance  "Error  Ellipses"  also  will  be  elaborated  upon  in 
this  discussion.] 

For  this  interim  document,  an  example  using  Track  5 
will  be  used  for  both  Track  Data  Menu  Option  7  as  well  as 
Option  8. 
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TRACK  DATA  MENU:  Option  7 


PLOT  Track  Covariances  Submenu:  Option  1 


Figure  146  below  is  XGobi's  "Variable  Panel"  when  the 
response  to  the  PLOT  Track  Covariances  Submenu  (Figure  145  on 
page  A-lOO)  is 

1.  DISREGARD  'Interaction'  Covariances  and  PLOT  Variances  — 

[6  values] 

All  plots  for  Track  5  differ  from  each  other  and  are  included 
below  for  completeness  and  for  the  User's  perusal  in 
determining  the  usefulness  of  the  various  plots  for  his/her 
analysis  purposes .  _ 


Track  Time  (seconds) 


TRACK  Cov.  dueNorth  (km) 


Figure  146 


TRACK  CuCN'UP'Cbi) 


'mhCKmiiWmi'l:.. 
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TRACK  Cov.  due  East  (km)  TRACK  Cov.  dueNorth  (km) 


[Track  5  Covariance  due  East] 
A-102 


A-103 


_ Figure  152 _ 

[Track  5  Covariance  East  *-  Up] 

A~104 


Figure  154 

[Track  5  Standard  Deviation  due  North] 
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Stan.  Dev.  due  East 


TRACK  DATA  MENU:  Option  7  Continued 
PLOT  Track  Covariances  Submenu:  Option  3 


I  . . 

1.  Interac®  Covarlaftces  and  PlilJl^i/irikes  [6  values] f 
1  pisMP  'Interaction^  CavaHances  and  PLfll  St^ard  Deviations  “  f3  values- ^  -  ■  ■ .  ■ 

1 3.  *DITO11S^  farlfflfttK  bq  litilizinu  Interaction  C(H^ianees  and  Plot  Variances  -  [3  values]  1  . 
4  'DlllTOll2^  yaria«2s^^ 

IlOf  Track  Covariances  Sitau  OlioicB;  3 

Figure  157 


piAGONALIZED  VARIANCE  for  TRACK  5 


Figure  158 

(Track  5  DIAGONALIZED  Variance  due  North] 
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Var.  due  East  (km) 


TRACK  DATA  MENU;  Option  7  ; 


PLOT  Track  Covariances  Submenu:  Option  3 


6.15e+04 

6.16e+04 

Track  Time  (seconds) 

6.17e+04 

Fiaure  160 

[Track  5  DIAGONALIZED  Variance  Up] 
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TRACK  DATA  MENU:  Option  7  ; 


PLOT  Track  Covariances  Sulmenu:  Option  4 


Pllir  M  Covariances  Subiienu: 

%  ClSHEifiD  interaction?  Covariances  anci  PLOT  Ifariances  -  (6  values] 

2..  SISPW  interaction^  (teiances  and  PLOT  Standard  Deviations  -  [3  valued  OliY] 

3.  Variances  bi^  Utilizing  Interactfwi  Covariance  aral  Plot  Variances  -  f3  valaes 

N.  Variances  bu  fltilizinq  InterMtion  &jvariances  arrf  Plot  Stanifard  Deviations  -  [3  values] 

piin, . 

Figure  161 


DIAGONALIZED  STANDARD  DEVIATION  for  TRACK  5 


I  ^ 

^  CO 
§  OJ 

-S  cvi 


c 

CO  S 

CO 

CM 

CM 


6.15e+04 


6.16e+04 

Track  Time  (seconds) 


6.17e+04 


Prgure  162 

[Track  5  DIAGONALIZED  Standard  Deviation  due  North] 
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TRACK  DATA  MENU:  Option  7  Continued 


PLOT  Track  Covariances  Submenu;  Option  4  Continued 


e.15e+04  6. 160+04  6.17O+04 

Track  Time  (soconds) 


_ Figure  164 _ 

[Track  5  DIAGONALIZED  Standard  Deviation  Up] 
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TRACK  DATA  MENU:  Option  8 


Track- Data  MENU 

8.  PLOT  Tracks 

!.  Output  Tables  by  Track  Numbers  containing  fkanber  of  Associated  Detections  and: 
av  Miniaiin  tiBiB  and  Maximum  time 
bV  Rar^  of  Tratdt  Coordinates 

2.  .  .Plir  On#  Track 

3.  PLOT  One:  Track  and  Associated  Detections 
4..  .  PLOT  Association  Dost 

5.  C(M*UTE  TASt&AR  Sunmarg  of  Innovation  (Detections  -  Track)  along  with  corresponding  plot^ 

6.  0UW>UT  a  Table  of  Target  10  vs.  Associated  Tracks 
?>  Track  Covari^ces  vs.  Time 

|B.  glOT  Covariance  Ellipses  for  Detections  vs.  Tracksl  .  . 

9.  PRINT  DOT  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track 

10.  Pl^  AH  Track  Points  C^responding  to  a  Particular  Target  ID 

11.  PlOT  Velocitu  by  Track 

12.  TRANSFER  to  Scan  Data  Menu 

13.  quiT ■ 

MEND  Choice;  0 

Figure  165 


«««»*«««««*  3ic  3fc  ifrjK’k’k’a  s;*  acsc*  « Sc  **««««  3k  «««« 3k  as  «*«»«*««««  4t ««« 3k 

INPUT  Track  Number  to  be  Viewed;  5 

St  3k  3k  3k  3k  3k  3k  3k  3k  3k  3k  3k  3k  )k  « 3k  3k  3k  « 3k  3k  3k  3k  3k  3k  3k  « 3k  3k  3k  3k  3k  3k  At  3k  3k  3k  3k  3k  « 3k  3k  3k  3k  3k  3k  9k  3k  3k  «« 3k  3k 

Figure  166 

SENSOR  Display  Submenu: 

1.  PLOT  Location  of  Dansvllle  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice:  3 

Figure  167 

Option  8  results  in  a  plot  of  Covariance  "Innovation" 
Ellipses  centered  around  each  Track  point.  The  following  plots 
result  from  the  invocation  of  this  Option  and  subsequent  inputs 
listed  above: 

Figure  168  -  Initial  plot  with  Sensor  Locations 
Figure  169  -  Subset  data  menu  used  to  eliminate  plotting 
of  Sensor  locations 

Figure  170  -  Plot  which  results  from  this  subsetting 
Figure  171  -  Longitude-Altitude  Covariance  Ellipses 
(with  Sensors) 

Figure  172  -  Longitude-Altitude  Covariance  Ellipses 
(without  Sensors) 

Figure  173  -  Latitude-Altitude  Covariance  Ellipse 
(with  Sensors) 

Figure  174  -  Latitude-Altitude  Covariance  Ellipse 
_ (without  Sensors ) _ _ 
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Latitude  (Deg.) 


TRACK  DATA  MENU:  Option  8  Continued 


Figure  169 

[Subset  data  menu  used  to  eliminate  plotting  of  Sensor  Locations] 
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Latitude  (Deg.) 


TRACK  DATA  MENU:  Option  8  Continued 


Figure  170 

[Longitude-Latitude  Plot 
which  results  fxsA 
Sensor  Location  Removal] 
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TRACK  DATA  MENU:  Option  8 


Continued 


^TFIACK  5  vs.  ASSOCIATED  DETECTIONS  and  COVARIANCE  ELLIPSE 
^GREEN)  (RED)  (BLUE) 


Figure  173 

[Latitude-Altitude  Covariance  Ellipses  ^with  Sensors) ] 


[Latitude-Altitude  Covariance  Ellipses  (without  Sensors)] 
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TRACK  DATA  MENU:  Option  9 


Track  Data  MENU -.2:::  • 

0  PLOT^  XjTSicl^s 

l!  Output  Tabis®  by  tradt Jlunibers  fcontalimling  Number  of  tesociated  Oatactioas  and: 

a.  Minlmiin  time  and  Maixfmuffl  time 

b.  Range  of.  Track  Coordinates 

2..  PL0T0neTrack•••.■ 

3.  PLOT  One  Track  and  Associated  Detections 

4.  PLOT  Asasdatlon  Cost  ,  ,  ' 

5.  COMPUTE  TA81IUW  anwnarg  of  Innovation  (Detections  -  Track)  alaig  with  corre^onding  plot. 

6.  OUTOT  a  Table  of  Target  ID  vs.  As30c1a1»d  Tracks 


PLOT  Track  Covariances  vs.  Time 

PLOT  Covariance  Ellipses  for  Detections  vs,  Tratks  _  .  ,  ^  i 

I  9.  PRINT  PUT  fbu  time  tick)  Selected  Data  Corresponding  to  a  Particular  Track  I 
PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  ID 
PLOT  Velocity  by  Trade 
TRANSFER  to  Scan  Data  Menu 
pill 


7« 

8^ 


18. 

U. 

12. 

13, 

MENU  Choice:  9 


Figure  175 


#♦***♦♦♦»♦♦*♦♦♦*♦♦♦♦#♦♦♦#**********#♦*#**»#♦**♦♦♦*****♦ 

INPUT  Track  Number  to  be  Viewed;  5 

t*****^*^******t*********^***************^************* 

Figure  176 


Option  9  allows  the  User  to  observe  the  ASCII  data 
generated  by  a  particular  Algorithm.  The  User  is  given  a  list 
of  the  Computed  Data  Set  Column  HEADINGS  and  then  asked  to 
choose  from  these  variables.  The  User  should  then  INPUT  ths  . 
numbers  corresponding  to  the  variables  he/she  would  like^to^ 
examine  and  TERMINATE  the  entry  of  these  numbers  with  a  -1 
(Figure  177  on  the  next  page).  Currently,  the  data  chosen  by 
the  User  is  written  to  a  file  and  then  the  file  is  immediately 
spawned  to  the  printer.  The  file  generated  by  the  inputs  of 
Figure  177  is  Figure  178  on  page  A-118  fit  Figure 
17 8 (normalized  times)  on  page  A-119. 
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TRACK  DATA  MENU:  Option  9  Continued 


The  COMPUTED  Data  Sat  Column  HEADINGS  ARE: 

1)  Track  Number 

2)  Scan  Group  Number 

3)  Detect  #  In  Scan  Group 

4)  LatestAesoc. Detect  Long. 

5)  Latest Assoc. Detect  Lat. 

6)  LatestAseoc. Detect  Alt. 

7)  TRACK  Longitude  (Deg.) 

8)  TRACK  Latitude  (Deg.) 

9)  TRACK  Altitude  (km> 

10)  Ve1 .  Dus  North  (km/e) 

11)  Vel.  Due  East  (tott/s) 

12)  Vertical  Vel-  Up  (km/s) 

13)  Velocity  Magnitude 

14)  Cost 

tS)  Target  ID 

16)  TRACK  Cov.  dueNorth  (km) 

17)  TRACK  Cow.  due  East  (km) 

18)  TRACK  Cow.  Up  (km) 

19)  TRACK  Cov.  NE  (km) 

20)  TRACK  Cov.  N  UP  (km) 

21)  TRACK  Cov.  E  UP  (km) 

nt  $t  4: 9  in  «  ^  ^  « lie «  «  *  «  «  1|C «  «  4C  4  «  «  *  ^  «  « ir «  ^  #  4^  4  « 

INPUT  the  Numbers  of  the  Column  HEADINGS  to  be  displayed  (one  number  per  line) 
(TERMINATE  Data  Entry  with  a  -1] 

TOTAL  Number  of  Inputs:  3 


Figure  177 
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TRACK  DATA  MENU:  Option  9  Continued 


TRACK  5  DATA 

0)  Track  Time  (seconds) 

1)  Scan  Group  Number 

2)  Detect  #  In  Scan  Group 

3 )  Cost 

61500.300781  1.000000  5.000000  0.000000 

61505.398438  3.000000  30.000000  -5.780370 

61512.601563  4.000000  12.000000  -5.410002 

61515.500000  5.000000  33.000000  -8.094408 

61525.500000  6.000000  30.000000  -6.182213 

61535.800781  8.000000  32.000000-7.139677 

61545.800781  10,000000  38.000000  -7.540648 

61548.398438  11.000000  11,000000  -8.967107 

61556.101563  12.000000  38,000000  -8.019546 

61560.398438  13.000000  10.000000  -8.716254 
61566.199219  14.000000  37.000000  -8.791194 

61572.601563  15.000000  13.000000  -8.763229 

61576.101563  16.000000  33.000000  -9.130766 

61586.300781  17.000000  32.000000  -8.152668 

61596.300781  19.000000  36.000000  -7.975923 

61606.601563  21.000000  39.000000  -7.742529 

61608.699219  22.000000  12.000000  -9.047667 

61616.800781  23.000000  40.000000  -8.527955 

61620.800781  24.000000  11.000000  -8.740450 

61626.601563  25.000000  40.000000  -8.737582 

61632.800781  26.000000  11.000000  -8.867112 
61636.898438  27.000000  43.000000  -9.112901 

61644.699219  28.000000  13.000000  -8.510533 
61657.000000  32,000000  10.000000  -7.982815 
61669.000000  34.000000  10.000000  -7.509470 
61693.000000  38,000000  14.000000  -5.057766 

61705.101563  41.000000  12.000000  -7.035861 
61717.000000  43.000000  11.000000  -6,811563 

61729.101563  45.000000  17.000000  -7.502965 


Figure  178 
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TRACK  DATA  MENU:  Option  9  Continued 


TRACK  5  DATA 

0)  Track  Time  (seconds) 

1)  Scan  Group  Number 

2)  Detect  #  In  Scan  Group 

3 )  Cost 

0.402344  1.000000  5.000000  0.000000 

5.500000  3.000000  30.000000  -5.780370 

12.703125  4.000000  12.000000  -5.410002 

15.601563  5.000000  33.000000  -8.094408 

25.601563  6.000000  30.000000  -6.182213 

35.902344  8.000000  32.000000  -7.139677 

45.902344  10.000000  38.000000  -7.540648 

48.500000  11.000000  11.000000  -8.967107 

56.203125  12.000000  38.000000  -8.019546 

60.500000  13.000000  10.000000  -8.716254 
66.300781  14.000000  37.000000  -8.791194 

72.703125  15.000000  13.000000  -8.763229 

76.203125  16.000000  33.000000  -9.130766 

86.402344  17.000000  32.000000  -8.152668 

96.402344  19.000000  36.000000  -7.975923 

106.703125  21.000000  39.000000  -7.742529 

108.800781  22.000000  12.000000  -9.047667 

116.902344  23.000000  40.000000  -8.527955 

120.902344  24.000000  11.000000  -8.740450 

126.703125  25.000000  40.000000  -8.737582 

132.902344  26.000000  11.000000  -8.867112 
137.000000  27.000000  43.000000  -9.112901 

144.800781  28.000000  13.000000  -8.510533 

157.101562  32.000000  10.000000  -7.982815 

169.101562  34.000000  10.000000  -7.509470 

193.101562  38.000000  14.000000  -5.057766 

205.203125  41.000000  12.000000  -7.035861 

217.101562  43.000000  11.000000  -6.811563 

229.203125  45.000000  17.000000  -7.502965 

Figure  17 8 (normalized) 
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TRACK  DATA  MENU:  Option  10 


I:;- ■l-m.Oatput' ::|4b1  el>: by :ifr^ck3Hi«»bei4-^  n i i^ :^|to^i^-^;b^|3sdc  ’: 

b-  Range  of  Track  Eflordinates 

2.  PLOT  One  Track 

3.  PLOT  One  Track  and  Associated  Detections. : 

4.  PLOT  Associatiwi  Cost  ^ 

5.  C(M»lJTe  TABULAR  Suiwary  of  liwiovatlDn  <l)ot8Ct1onfi  ■*  Track)  along  with  corresponding  plot. 

8.  OUTPUT  a  Table  of  Target  tO  vs.  Associated  Tracks 
7.  PLOT  Track  Covariances. vs.  Tima 

k.:.;i8i«-PL£fT:''Covar>iancs  ElTlpses  for:  Detectibiis.  wa’iS0TFMck8Fkk.|Bi.|;.;y^ 

9.  PRINT  CHIT  ffau  time  tick)  Selected  Data  Corresponding  to  a  Partloilar  Track 
i  10,  HLUI  All  iracR  t^Qints  Corresponding  to  a  t;ar.tlcmar  larggOBJ 

iv-Uv-..  PLOT  .Velocity  by  Track  s,  :-••  :>■•••<: 

12.  TRANSFIfi  to  Scan  Data  M»iu 

13.  QUIT 

MENU  ;Cho1c8J.-:'.H8  •  yy' :v'M:  •••>■?::::••  ■>:: :  '• 

Figure  179 


SENSOR  Display  Submenu: 

1.  PLOT  Location  of  Dansville  ONLY 

2.  PLOT  Location  of  Remsen  ONLY 

3.  PLOT  Locations  of  ALL  Sensors 

4.  DO  NOT  PLOT  Location  of  Any  Sensor 

SENSOR  Display  Submenu  Choice:  3 

Figure  167  -  Repeated 


INPUT  Target  ID  (iff)  NUMBER  to  be  Viewed:  642 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦He**#***#**#****#**###########*###**#*# 

Figure  180 

If  Target  ID  (IFF)  Number  is  available.  Option  10  allows 
the  User  to  view  all  the  component  Tracks  that  have  been 
associated  with  this  ID. 

This  particular  example  has  been  chosen  to  both 
illustrate  the  operation  of  this  Option  10  and  also  to  use 
Option  3  to  view  the  individual  components  making  up  ID  642 
to  show  how  a  User  might  be  aided  in  his  or  her  analysis  of  a 
possible  "problem"  situation. 

A  description  of  the  plots  for  this  example  are  on  the 
next  page. 
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Figure  181 

[Initial  Longitude-Tine  plot  of  Target  642] 
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Longitude  (Deg.) 


TRACK  DATA  MENUS  Option  10  Cont^n^e4 


JARGET  ID  #  642  TRACK  POINTS  vs.  ASSOCIATED  DETECTIONS 
JARGETID#  642  IS  COMPRISED  OF  TRACKS  41  and  92 

7IME  NORMALIZATION  =  61499.898  SECONDS 


<0 

I 


^EMSEN 


^Scan  36,41>etectibn  3 

^jCojnputed  Track  *41**' *  * 


Scan  53,  Detection  2 


00 

t^ 


1 - ^ - r- 

0  100  200 

Track  Time  (seconds) 


— I 
300 


Figure  181(nonBalized) 

[Initial  Longitude—Tinie  plot  of  Target  642] 
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Latitude  (Deg.)  |  Longitude  (Deg.) 


TIUICK  DATA  MENU:  Option  10 


TARGET  ID  #  64a  TRACK  POINTS  vs.  ASSOCIATED  DETECTIONS 
^TARGET  ID#  642  IS  COMPRISED  OF  TRACKS  41  and  92 


^EMSEN 


nu  ri>  ifTtotsstinn 


Sanipi 


on^uted  T rack  92 
*”f)ANSVILLE 


6.15e+04  6.16e+04  6,17e-i-04  6.18O+04 

Track  Time  (seconds) 


rigura  182 

[Initial  Longituda-Tiao  plot  of  Targat  642  with 
:onsecutiva  Associationa  and  individual  Tracks  connected  by  lines*] 


TARGET  ID  #  642  TRACK  POINTS  VS.  ASSOCIATED  DETECTIONS 
^TARGET  ID#  642  IS  COMPRISED  OF  TRACKS  41  and  92 


Scan  33.  DetectCxmlputed  Track  92 


^EMSEN 


^ANSVILLE 


Scan  3.  Detection  23 


Iffompuf 


6.150-1-04 


6.16e-i-04 


6.17e-i-04 


6.180-1-04 


Track  Time  (seconds) 


Figure  183 

[Initial  Latitude-Tine  plot  of  Target  642  with 
Consecutive  Associations  and  individual  Tracks  connected  by  lines  * ] 
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Latitude  (Deg.)  ^  Longitude  (Deg.) 


TRACK  DATA  MENU:  Option  10 


TARGET  ID  #  642  TRACK  POINTS  vs.  ASSOCIATED  DETECTIONS 
^TARGET  ID  #  642  IS  COMPRISED  OF  TRACKS  41  and  92 

;riME  NORMALIZATION  «  61499.898  SECONDS 


/^EMSEN 


Scan  53,  Detection  2 
^^l^cSSslSVILLE 


Track  Time  (seconds) 


Figura  182(nomalixed) 

[Initial  Longituda-Tina  plot  of  Targot  642  with 
o&secutiva  Associations  and  individual  Tracks  connected  by  lines . ] 


TARGET  ID  #  642  TRACK  POINTS  vs.  ASSOCIATED  DETECTIONS 
^TARGET  ID  #  642  IS  COMPRISED  OF  TRACKS  41  and  92 

^TIME  NORMALIZATION  *  61499.898  SECONDS 

Computed  <=6053.  Detection  2 


^EMSEN 


JDANSVILLE 


Track  Time  (seconds) 


Figure  183 (normalized) 

[Initial  Latitude-Time  plot  of  Target  642  with 
Consecutive  Associations  and  individual  Tracks  connected  by  lines . ] 
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Latitude  (Deg.) 


TRACK  DATA  MENU:  Option  10 


Continued 


/ARGET  ID  #  642  TRACK  POINTS  vs.  ASSOCIATED  DETECTIONS 
JARGET  ID  #  642  IS  COMPRISED  OF  TRACKS  41  and  92 


Figure  184 

[Initial  Latitude-Longitude  plot  of  Target  642  with 
Consecutive  Associations  and  Individual  Tracks 
Connected  by  Lines.] 
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Figure  185 

[Subset  Menu  Used  to  Remove  Aspect  Ratio 

and 

Sensor  Location  Plotting  Points . ] 


Figure  186 

[Latitude— Longitude  plot  of  Target  642  with 
Aspect  Ratio  and  Sensor  Location  Plotting  Points  Removed.] 
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Latitude  (Deg.)  Latitude  (Deg.) 

41.60  41.85  41.90  41.95  41.5  42.0  42.S 


TRACK  DATA  MENU:  OptioD  10  Continued 


;rRACK  41  vs.  ASSOCIATED  DETECTIONS 
^QREEN)  (BED) 


Pigurs  187 

[K^tlon  3  has  been  invoked  with  Track  41 


Figure  188 

[Same  as  Figure  187  except  that 

Aspect  Ratio  and  Sensor  Location  plotting  points  have  been  reaoved.] 
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TRACK  DATA  MENU:  Option  10  Continued 


^TRACK  92  V8.  ASSCXJIATED  DETECTIONS 
^(OREEN)  (RED) 
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TRACK  DATA  MENU:  Option  11 


Track  Data  HENS  2: 

0*  PLOT  Tracks 

1. .  Qutpjt  Tables  by  Track  Numbers  containing  Nunber  of  Associated  Betections  and: 

a.  Hinimum  time  and  Haximun  time 

b.  Range  of  Tradi  Coordinates 

2.  PLOT  One  Track 

3.  PLOT  One  Track  and  Associated  Detections 

4.  PLOT  Association  Cost 

5.  CCWHJTE  TABULAR  aaroary  of  Innovation  (Detections  -  Track)  along  with  corresponding  plot. 

6.  OUTWIT  a  Table  of  Target  ID  vs.  Associated  Tracks 

7.  PLOT  Track  Covariances  vs.  Time 

8.  PLOT  Covariance  Ellipses  for  Detections  vs.  Tracks 

9.  PRIKT  IM  (by  time  tick)  Selected  Data  Corresponding  to  a  Pwticular  Trade 
30.  PLOT  ALL  Track  Points  Corresponding  to  a  Particular  Target  10 

J 11.  f^LOt  Velocitu  by  track  | 

'l2.  TRANSFER  tb' Scan  "Oatrifenu 
iiiiiilUliiiiiiiilM 
>CNU  Choice:  U 

Figure  191 


» #  at  #  at  t  at  at  #  )k  4c  4c  He  4c « iK  )k  9k  4c  ac  He «  Sc  *  *  «  ac  at  *  *  ace  at « ac  #  ar « nt  ac  ae «  « ac 

INPUT  Track  Ntanber  to  be  Viewed:  41 

at  ac  at  at  at « aca  at  at  at  at  ac  ac  ac  at  at  at  at  ac  4(  4c  at  ac  at  at  at  at  a:  a:  ac  ac  ac  ac  ac  at  at  ac  at  ac  ac  ac  ac  ac  at  ac  at  ac  at  ac  ac  at  at  at  at 

Mini mums:  0.000000  -0.092753  -0.000901  0.092757 
Maximums:  0.119851  0.000000  0.009164  0.120201 
[Aspect  Ratio  is  NOT  being  used.] 

Figure  192 


Option  11  offers  the  User  an  opportunity  to  plot  a  given 
Track's  velocity.  The  Figures  (with  NORMALIZED  and 
UN-NORMALIZED  times)  which  follow  are  examples  of  that 
capability. 
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Vel.  Due  East  (kn\^)  Vel.  Due  North  (km/s) 

•0.10  -0.08  -0.06  -0.04  -0.02  0.00  0.00  0.05  0.10 


Figure  194 

[Track  41  Velocity  due  East  (kn/sec)] 
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Vel.  Due  North  (ktn/s) 


Figure  193 (normalized) 

(Track  41  Velocity  due  North  (km/ sec)] 


Figure  194 (normalized) 

[Track  41  Velocity  due  East  (km/ sec)] 
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Velocity  Magnitude 


Figure  196 

[Track  41  Velocity  Magnitude] 
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Velocity  Magnitude 


Figure  196 (normalized) 
[Track  41  Velocity  Kagnitude] 
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Rome  Laboratory 
Customer  Satisfaction  Survey 


RL-TR- _ 

Please  complete  this  survey,  and  mail  to  RL/IMPS, 

26  Electronic  Pky,  Griff iss  AFB  NY  13441-4514.  Your  assessment  and 
feedback  regarding  this  technical  report  will  allow  Rome  Laboratory 
to  have  a  vehicle  to  continuously  improve  our  methods  of  research, 
publication,  and  customer  satisfaction.  Your  assistance  is  greatly 
appreciated. 

Thank  You 


Organization  Name: _ (Optional) 

Organization  POC:  _ (Optional) 

Address: _ _ 

1.  On  a  scale  of  1  to  5  how  would  you  rate  the  technology 
developed  under  this  research? 

5-Extremely  Useful  1-Not  Useful/Wasteful 

Rating _ 

Please  use  the  space  below  to  comment  on  your  rating.  Please 
suggest  improvements.  Use  the  back  of  this  sheet  if  necessary. 


2.  Do  any  specific  areas  of  the  report  stand  out  as  exceptional? 

Yes _  No _ 

If  yes,  please  identify  the  area(s)  ,  and  comment  on  what 
aspects  make  them  "stand  out." 


3. 


Do  any  specific  areas  of  the  report  stand  out  as  inferior? 

Yes _  No _ 

If  yes,  please  identify  the  area(s),  and  comment  on  what 
aspects  make  them  "stand  out." 

4.  Please  utilize  the  space  below  to  comment  on  any  other  aspects 
of  the  report.  Comments  on  both  technical  content  and  reporting 
format  are  desired. 


